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DIABETES INSIPIDUS 
(POLYURIA). —DEFINITION. — 

Diabetes insipidus is a syndrome 
comprising several altogether dis- 
similar states^ and characterized by 
marked increase in the quantity of 
urine, without any necessary qualita- 
tive changes in the elements of which 
it is composed. 

ETIOLOGY. — While diabetes 
mellitus occurs most frequently in 
middle age, polyuria is not rare in 
childhood. One-half the cases start 
before the age of 35. In some families 
several polyurics may be found. 

[In a case observed by Lauritzen, in a girl, 
16 years old, four generations and 8 out of 19 
members of the family had suffered from 
polyuria, viz.: the great-grandmother, 3 of 
her children, 3 grandchildren, and the great- 
grandchild, — ^the patient. The disease was, 
in all cases, directly inherited by the child 
from its parent, all the first-born being at- 
tacked. The great-grandfather suffered from 
enuresis, but not from polyuria. R. Lupine.] 

Weil has reported the history of 
4 generations of a family, including 
altogether 91 individuals, among 
which 23 suffered from diabetes 
insipidus. 

In exceptional instances diabetes 
mellitus may be traced in the ante- 
cedents; much more frequently a 


neuropathic tendency is found. Pre- 
disposition is a most important factor 
in the etiology of this affection. 

As for the determining or accidental 
causes, in a certain number of cases 
the polyuria is referable to a trau- 
matic factor, c.g,, a fall upon the head. 
Sometimes diabetes mellitus imme- 
diately follows the traumatism and it 
is .only after a time, two months or 
more, that a change to diabetes 
insipidus occurs. There is, conse- 
quently, an undoubted connection be- 
tween the two affections. This has 
likewise been shown by experimenta- 
tion. Claude Bernard, in puncturing 
a certain spot in the floor of the fourth 
ventricle in a rabbit, caused diabetes 
mellitus, while in puncturing at a 
slightly different point he caused 
simple polyuria. There is, however, 
always some degree of uncertainty in 
this result, and it is by no means true 
that experimenters can at zinll produce 
polyuria by puncture of the floor of 
the fourth ventricle. 

After traumatism of the cranium, 
the chronic lesions of the encephalon, 
and tumors in particular, occupy an 
important place in the etiology of 
polyuria. I have seen several cases 
of this kind. In one of them there 
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was found at the autqj|s»^aumof of 
the optic thalamus. The jW^urfa ap- 
peared very suddenly. The large 
size of the growth suggested that it 
might have compressed the pedicle of 
the pituitary. 

Emotions’ and accidental causes 
also bear a relation ‘to this affection. 

Finally, the abuse of alcoholic 
beverages is a frequent cause of 
diabetes insipidus. 

In children, one-tenth of the cases 
of diabetes insipidus have been ob- 
served to be preceded by some infec- 
tious disease. 

The following will give an idea of 
the relative frequency of the different 
causes operating to produce diabetes 


insipidus : — 

Heredity 10 

Neuropathic disposition 20 

Trauma of the skull, organic 
lesions of the encephalon (in- 
cluding syphilitic lesions) 30 

Excesses of all kinds 15 


Various accidental causes, in- 
cluding infectious diseases .. 25 

100 

PATHOGENESIS.— Eckhard has, 
of all physiologists, been the most 
energetic in his advocacy of the 
hypothesis that there exist nerves 
which produce polyuria. In his ex- 
periments, indeed, he witnessed the 
occurrence of the latter after Super- 
ficial excitation of the vermis, without 
any accompanying change in the 
aortic blood-pressure. Moreover, sec- 
tion of the splanchnic nerve is followed 
both by polyuria and lowered vas- 
cular tension. 

As for the details of the mechanism 
through which there occurs in the 
kidney an increase of the excretion of 
urine, in cases where there is no pri- 
mary dyscrasia and, in particular, no 


exSfelfifbf water in the blood-stream, 
^ .thjifeyt„^|^g^ill shrouded in obscurity. 
The circulation through the glomeruli 
is known to be increased, and the pos- 
sibility that this occurs owing to re- 
laxation of the arterioles must be ad- 
mitted. A relaxation of the efferent 
vessel may, in particular, be supposed 
to occur. If this be the case, the 
blood-pressure must increase in the 
capillary network which follows the 
glomerulus, and the mechanical con- 
ditions for the reabsorption of water 
are unfavorable to its occurrence. 
The benefit conferred by vasocon- 
stricting remedies (see Treatment) 
tends to support the idea that vaso- 
motor relaxation is an important fac- 
tor in the production of polyuria. 

In a few cases, — on the whole quite 
rare, — polydipsia appears to be the 
initial manifestation of the disease. 
In one case the patient was observed 
to develop an intense thirst as the 
initial symptom after a fall on the 
head. Such observations as these 
lend support to the idea that there 
exists a nervous form of thirst. They 
are exceptional, however. 

The important role played by dis- 
turbances of the internal secretions in 
the pathogenesis of many diseases, 
and, in particular, of diabetes melli- 
tus, is well known. Sufficient infor- 
mation on this subject is supplied in 
the works of Sajous, to which the 
reader is referred. Briefly, a widely 
held view has been that in most of 
the cases where a tangible primary 
disturbance exists the disorder is due 
to deficient functioning of the pos- 
terior lobe of the pituitary body. 
Even with this conception, however, 
the matter remains unsettled, experi- 
menters having found that diabetes 
insipidus could be induced in animals 
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by merely puncturing the hypothal- 
amic region without touching the 
pituitary body, the conclusion being, 
therefore, that a lesion of the hypo- 
thalamic region, instead of the pituitary, 
is responsible for this disease. 

Hoppe-Seyler (Miinch. med. Woch., Nov. 
30, 1915) concluded that diabetes insii)idus is 
not due to any one special lesion, but to a 
vasomotor disturbance from different causes. 
Kleeblatt's case, in which diabetes insipidus de- 
veloped after an accident injuring the skull, 
was mentioned by the same author (Miinch. 
med. Woch., Jan. 11, 1916). Under pitui- 
tary extract, the polyuria subsided, but the 
thirst and excessive sweating persisted. 
The pituitary w^as found intact, the trouble 
arising from chronic irritation of the floor 
of the fourth ventricle. 

Indeed, the evidence supplied by 
the cases published by Camus and 
Roussy and others, and the experi- 
ments of the former in dogs (Endo- 
crinology, Oct. -Dec., 1920), have 
tended to sustain Sajous’s view that 
there exists a nervous path from the 
pituitary to the adrenals and kidneys, 
and that lesions along this path may 
cause diabetes insipidus or polyuria 
as well us pituitary lesions. 

The disease had long been termed “ob- 
scure^' or ‘‘enigmatic,*’ until the theory sus- 
tained by Cushing, Schafer and Herring 
and others, that the posterior pituitary 
body or the pars intermedia produced a 
secretion, and the observation of Magnus 
and Schafer, in 1902, that pituitary extracts 
caused excessive diuresis, were thought to 
have established the pathogenesis of the 
disease on a solid foundation. The labors 
of Camus and Roussy (1914 and 1920), 
Houssay and Hug (1921), Bailey and 
Bremer (1921), and others having shown, 
however, that an internal secretion of the 
pituitary body could have nothing to do 
with the process, since an experimental 
puncture anywhere in the tuber cincreum 
could produce the disease, the sec*-?tion 
theory fell to the ground. Its collapse was 
further insured by the growing opinion 
thati as first urged by Sajous in 1903 and 


later by Biedl (1913) and Swale Vincent 
(1913), and later voiced at the 3rd Inter- 
national Congress of Neurology by Souques, 
Alajouanine, Lermoyez and others, pos- 
terior lobe preparations, though extremely 
useful in practice, do not represent a bona 
fide secretion of the posterior pituitary, but 
merely a pharmacological product or drug 
Moreover, unlike these preparations, so 
effective in diabetes insipidus, the cerebro- 
spinal fluid, which was supposed to con- 
tain the secretion, proved quite inert in 
this disease. 

The only remaining theory which meets 
these cxi)erimental and clinical data is that 
of Sajous, who, in 1907-1908, described 2 
nerve paths which, starting in the posterior 
or neural lobe of the pituitary, passed up 
by way of the infundibulum to the tuber 
cinereura, then down the bulb, spinal cord, 
and splanchnics to the kidneys and ad- 
renals, and submitted evidence to the effect 
that these pituitarorenal and adrenal nerves 
governed and sustained the circulatory 
activity of these organs. Lesions of any 
kind anywhere in this double path, suffi- 
cient to arrest the impulses through it to the 
kidneys and adrenals (the secretion of the 
latter contributing to the contractile power 
of the arterioles), cause passive dilatation 
of the renal vessels and diabetes insipidus. 
This accounts for all the phenomena, clin- 
ical and experimental, recorded, and also 
for the beneficial effects of the posterior 
pituitary products. 

SYMPTOMS. — The malady may be- 
gin insidiously; but it is not unusual 
for it to appear suddenly, either 
following one of the causes which we 
shall name later on, or even without 
any appreciable cause. It may, in 
exceptional cases, manifest itself 
during childhood or infancy. 

[I have had under observation a young 
man 16 years old who was subject to ex- 
cessive thirst since the first months in his 
life, the first word he pronounced, at the 
age of 8 months, being **waterJ* R. LipiNE.] 
Case of precocious and hereditary dia- 
betes insipidus in a child of 20 months, 
in whom the polyuria had begun at 12 
months. The mother had had, at 

various times, periods of marked thirst 
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and polyuria; her urine was found 
normal. The child was normal in ap- 
pearance, except that on the lower 
jaw it had only the 2 teeth which were 
present at birth. The urine output 
was 8 liters a day, the child drinking 
about the same amount of water. 
Uranalysis showed: Specific gravity, 
1.004; chlorides, 1.1; urea, 1.95; no ab- 
normal constituents. There were no 
nervous symptoms, nor the least sign 
of pituitary or neighborhood lesions. 
The X-ray showed a normal sellar 
outline. Maranon and Bonilla (En- 
docrinol., Nov.-Dee., 1925). 

Case of diabetes insipidus in a boy 
of 15 years. At the age of 7 years he 
had had a brief attack of cerebrospinal 
meningitis complicating measles, which 
is thought to have injured the tuber 
cinercum. Influenza of a nervous 
form at 14 appeared to have awakened 
the latent disease in the tuber cine- 
reuni, bringing on the manifestations 
of diabetes insipidus. Sabrazes (Revue 
fran^. d’endocrinol., Feb., 1926). 

Thirst and polyuria are the pre- 
dominating symptoms of the affec- 
tion. The urine is abundant, usually 
very pale in color, and is slightly acid. 
Its specific gravity varies from 1002 
to 1010. Consequently, the organic 
and inorganic principles are not 
present in any great quantity, but, 
taking into account the daily amount 
of urine, it will be found in a certain 
number of cases that the total quan- 
tity of organic and inorganic sub- 
stances usually considerably exceeds 
the normal average. With regard to 
the relative proportions, the chlorides 
are increased. 

In inducing unilateral polyuria in a 
dog, for instance, by severing a 
splanchnic nerve, I have observed 
the production of a relative increase 
of the chlorides. 

The quantity of urine voided during 
the twenty-four hours naturally bears 
a certain relation to the quantity of 


fluid ingested. As the cutaneous per- 
.spiration is usually greatly diminished 
in diabetic patients, there is, as a rule, 
less difference between the quantity 
of fluid taken and that of the urine 
than in the normal state. 

It is even possible that, in excep- 
tional cases, the quantity of fluid 
taken in one day may be less than 
that of the urine voided during the 
same period of time. 

In explanation of this paradox there 
are three hypotheses: — 

The first (which is the most natural) 
is the supposition that during this 
period the organism becomes im- 
poverished as to water. This hypoth- 
esis agrees with several conditions 
sometimes noticed in polyuric sub- 
jects, particularly the increased specific 
gravity of the blood ; if this explana- 
tion holds, the weight of the patient 
should be less during the period in 
question. 

The second hypothesis, which, though 
not based on any positive fact, does 
not seem irrational, premises that 
there is a much greater formation of 
water in the economy than under 
normal * conditions. In this case, 
there shouf^ be a diminution in the 


respiratory 


COo 

quotient — • 


If there 


is more water formed, there is less CO 2 
exhaled. It has been estimated that 
in a polyphagic individual 100 to 200 
Gm. (3% to 6% ounces) of water may 
be produced in the twenty- four hours 
in this way. 

The third hypothesis appears to be 
less plausible. It consists in the sup- 
position that the economy may ab- 
sorb, particularly through the lungs, 
a certain amount of water vapor. It 
is well known that in the healthy sub- 
ject copious ingestion of water is 
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followed, during the two consecutive 
hours, by the loss in the urine of the 
greater part of the water taken. This 
is not the case in diabetes insipidus; 
the elimination is less rapid, either 
because the kidney has partially lost 
its functional elasticity, which en- 
abled it in the normal state to free the 
blood from an excess of water, or 
rather because the economy, being, 
relatively speaking, deprived of 
water, takes up a certain portion of 
that ingested. 

In the same connection it may be 
noted that in the polyuric subject 
the difference existing in the healthy 
person between the urine secreted in 
the twelve hours of the day and that 
of the night is not noticeable. 

In a few cases of diabetes insipidus 
— naturally, the most grave ones — it 
has been observed that the ingestion 
of a large amount of sodium chloride 
does not increase the concentration of 
the urine. The only effect produced 
is an augmented urinary output, 
owing to the excretion of a larger 
quantity of water. These cases are 
thus characterized by an inaptitude 
to concentration of the urine, even 
though there be an excess of salts in 
the blood. Such cases arc, however, 
rather rare. 

Falck advanced the opinion that 
absorption is retarded in polyuric 
patients. This supposition is, on the 
whole, not very likely, but I would 
say that the dilatation of the stomach 
sometimes observed in such patients 
might confirm it in certain instances. 

Thirst is a very marked symptom, 
which, in certain exceptional cases 
classed under the head of polydipsia, 
is the original symptom. This point 
will be again referred, to under the 
head of Diagnosis. 


The digestive function is impaired 
in polyuric patients. This is readily 
understood, the digestion being dis- 
turbed by the ingestion of a large 
quantity of water, which dilutes the 
gastric juice. Constipation usually 
exists. 

The sudatory function is almost al- 
ways abolished. In several patients 
the fact has been noticed that pilocar- 
pine is incapable of bringing about 
sweating. Owing to this inability to 
perspire, it sometimes happens that 
during great heat in the summer the 
temperature of these patients rises to 
38.5° C. (101.3° F.) and even to 39° C. 
(102.2° F.). This hyperthermia is not 
accompanied by malaise. 

The insensible perspiration is 
nearly always greatly diminished, — 
most frequently i educed to one-half 
the normal amount, — ^but sometimes 
almost abolished. This contributes 
to the explanation of the fact, already 
referred to, that the patient excretes 
as much fluid as he ingests. 

Exceptionally, patients have been 
observed to show copious sweating. 
The occurrence of this is accompanied 
by a subjective sense of betterment 
in- the general condition. 

An equally interesting phenomenon 
which has been noticed in a very few 
cases is an abnormal flow of saliva. 
Kiilz observed this complication for a 
time in a young hysterical subject, 
and was able to collect, in one day, 
more than 1 pint of saliva. It is 
known that physiologists have, during 
their experiments, sometimes ob- 
served salivation in dogs after lesions 
of the medulla oblongata, etc. In 
some cases the pulse is slow, and 
there is also a certain relation between 
this slowness of the pulse and the in- 
crease of the polyuria. 
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The blood is sometimes more con- 
centrated than in the normal state, hut 
this is a (juite exceptional condition. 

COMPLICATIONS.— Compli- 
cations referable to the nervous system 
are often met with in cases where the 
polyuria is itself of nervous origin. 
These morbid phenomena are merely 
concomitant, not depending upon the 
polyuria, but upon its cause. Such 
manifestations are, c.//., headache, 
vertigo, neuralgic i)ains, vomiting, 
etc. As partly dependent, on the 
other hand, upon the polyuria may be 
considered such nutritive disturbances 
as .find their expression in emaciation, 
coming on even though the patient is 
polyphagic. It is certain that the 
excessive washing out to which the 
tissues arc subjected is a cause of ex- 
aggerated waste. The presence of 
inosite in the urine has occasionally 
been observed. This has been ex- 
plained as being the result of exces- 
sive flushing out of the organism. 

DIAGNOSIS. — This usually pre- 
sents very little difficulty. The 
abvSence of abnormal principles in the 
urine indicates by exclusion the 
existence of simple polyuria. It may 
happen, however, that the diagnosis 
between this condition^ and that of 
interstitial nephritis gives some little 
trouble. In certain cases of the last- 
named affection albuminuria may not 
exist during a certain period. On the 
other hand, there arc cases of poly- 
uria in which, without any actual ne- 
phritis, traces of albumin may be 
found in the urine. 

However, when interstitial nephri- 
tis exists, certain uremic symptoms, 
hypertrophy of the heart, or some one 
of the symptoms of Bright's disease, 
are always present. Besides search- 
ing for the symptoms of uremia 


(cephalalgia, dyspnea, etc.), it should 
also be remembered that a patient 
suffering from Bright's disease re- 
tains nitrogen in his blood — increase 
of the non-protein nitrogen — and 
eliminates less nitrogen in his urine 
than polyuric patients, and that the 
urine frequently contains casts. In 
view of these characteristics, it is 
generally easy to establish a diagnosis. 

How is primary polyuria to be dis- 
tinguished from primary polydipsia? 

In polydipsia thirst is unquestion- 
ably the first symptom ; it is not 
preceded by frequent micturition. 
Polyuric patients do not perspire; in 
polydipsia perspiration is likely to 
occur. In the latter affection the 
quantity of urine does not equal the 
quantity of liquid ingested; so that, if 
the patient refrains from drinking 
during several hours, there will be 
during this time a diminution or even 
an arrest of the excretion of urine. 

Patients with primary polydipsia display, 
according to E. Meyer, the normal power 
of eliminating a concentrated urine after 
increased intake of salts, which is not the 
case in diabetes insipidus. In the latter, 
furthermore, the concentration of the urine 
is much more constant and the substances 
in solution are eliminated much more 
promptly and regularly. Theocin raises 
the concentration in diabetes insipidus with- 
out increasing the amount of urine. ‘ 

Case of a woman aged 31, congenitally 
syphilitic, who had had hemiplegia 7 
years before, and for 5 years had ex- 
perienced diabetes insipidus and marked 
obesity without any clinical or X-ray 
evidence of pituitary tumor. Lumbar 
puncture had no effect. Pituitary ex- 
tract hypodermically greatly reduced 
the polyuria and also decreased the 
adiposity. The writers consider this a 
case of true pituitary diabetes insipidus. 
The condition is of pituitary origin when 
attended with other pituitary symptoms, 
unaffected by lumbar puncture, and re- 
acting to organotherapy; it is of nerv- 
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ous origin when there are symptoms of 
basilar meningitis, with altered cerebro- 
spinal fluid, when lumbar puncture af- 
fects the polyuria, and when pituitary 
treatment is ineffectual. Gilbert, Villaret 
and Saint-Girons (Revue neurol., June, 
1922). 

Hypo- and hyperchloremic types of 
diabetes insipidus differentiated. The 
former shows a high basal metabolism, 
which declines markedly under restric- 
tion of fluids and, especially, atropine 
therapy. The hyperchloremic type 
shows a normal or low metabolism, 
reacts to restriction of fluids with loss 
of weight and serious symptoms, and 
is not affected by atropine. The hy- 
pochloremic type differs from poly- 
dipsia in the low serum chloride con- 
tent, chronic ingestion of excess of 
water causing a hyperchloremia. Veil 
(Deut. Arch. f. klin. Med., Dec., 1925). 

TREATMENT. — The injection of 
pituitary posterior lobe extract is 
probably the most satisfactory method 
of treatment. Although disquieting 
symptoms may attend its use in this 
manner, they seem to be temporary. 

In a case of diabetes insipidus 2 c.c. 
(32 minims) of pituitrin “O” given in- 
tramuscularly during a 24-hour period 
reduced the polyuria and raised the 
salt and urea nitrogen content of the 
urine. The effect began in 10 minutes, 
and after a 1 c.c. dose lasted 8 to 12 
hours; The urea nitrogen, uric acid, 
and sugar in the blood were almost 
doubled within 3 hours. The drug en- 
abled the kidney to excrete a larger 
amount of phenolsulphonphthalein. D. 
S. Hachen (Amer. Jour. Med. Sci., 
June, 1923). 

In 37 cases treated at the Mayo 
Clinic, consistently good results were 
obtained only from frequent subcu- 
taneous injections of posterior pitui- 
tary extract, though in a few, consid- 
erable effects followed its intranasal 
use as a spray, instilled into the nostril 
by a medicine dropper, or applied on 
a pledget of cotton. When obstetrical 
pituitary extract was not sufficiently 
effective, the surgical extract proved 


more satisfactory. Rectal administra- 
tion was sometimes helpful, but only 
for short periods, usually 2 to 4 hours. 
Spinal puncture in 19 cases yielded 
only moderate reduction of symptoms 
for 2 or 3 days in 2 or 3 cases. In 
cases secondary to neoplasm, opera- 
tion should be considered on its own 
merits, without reference to the dia- 
betes insipidus. Much can be accom- 
plished in allaying the patient’s appre- 
hension, especially in idiopathic cases, 
by assurance that he has nothing 
more to fear than the discomfort and 
inconvenience of the disease. Of 36 
cases, 8 died, 3 were cured, 8 were 
definitely improved, 9 unchanged, 5 
continued daily injections, and 8 were 
unlraced. Rowiitree (Jour. Amer. 
Med. Assoc., Aug. 9, 1924). 

There is little chance of a cure un- 
less very large doses of pituitary ex- 
tract are given. The treatment can be 
continued for months without toxic 
effects. Intravenmis administration 
should be avoided, as it may induce 
fatal collapse. The writer observed 
good results from the daily ingestion 
of 7 fresh beef pituitaries. K. Motz- 
feldt (Norsk Magazin f. Laeg., Sept, 
1924). 

Sajous found that all untoward 
symptoms of the posterior pituitary 
treatment could be avoided and 
equally good results obtained as with 
injections, by giving pituitary, 
grain (0.(X)65 Gm.), together with 
ergotin, 1 grain (0.065 Gm.), in a cap- 
sule three times daily after meals. 

Case of polyuria in a man of 73 
years, shown to be renal in origin by 
the high nitrogen content of the urine 
and by Ambard’s coefficient. Lumbar 
puncture yielded no benefit, while 
daily injection of pituitrin controlled 
the polyuria transiently. Thus, pitui- 
tary medication is not specific for dia- 
betes insipidus, but may be classed as 
a procedure of general therapy. J. 
Lhermitte (Revue neurol., June, 1922). 

A pituitary tartrate, or new prepara- 
tion of the active principle of the 
posterior lobe, used in 4 calses of dia- 
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betes insipidus, with results similar to 
those obtained with the ordinary pitui- 
tary products. The preparation is ef- 
fective by the nasal route in a dosage 
of 4 drops of a solution of 0.5 mgm. 
(M .10 grain) per c.c. (16 minims) of 
water in each nostril every 3 hours. 
J. J. Abel and E. M. K. Ceiling (Jour, 
of Pharm. and Exp. Ther., Nov., 1923). 

The benefit from posterior pituitary 
preparations is accounted for, not by 
a supposed secretion or hormone in 
these products, but by their recognized 
pharmacologic property of causing 
constriction of the arterioles, thus 
counteracting in the kidneys the dila- 
tion of these vessels, which dilation is 
the cause of diabetes insipidus and 
polyuria insofar as their relationship 
with the hypophyseorenal nerve path 
is concerned. C. E. de M. Sajous 
(Amer. Jour. Med. Sci., May, 1924). 

In 2 cases of diabetes insipidus no 
benefit resulted from insulin treatment, 
with or without addition of calcium, 
potassium, or sodium ions. Addition 
of insulin did' not seem to enhance the 
prompt benefit from pituitary extract. 
Waldorp (Rev, de la Asoc. med. 
Argent., Dec., 1925). 

In neuropathic subjects the gen- 
eral condition should be treated with 
potassium bromide, valerian, and 
especially strychnine, which has yielded 
very gratifying results. De Ketly, 
e,g., witnessed partial or complete re- 
covery in three out of four cases 
under strychnine, begun in grain 
(0.0005 Gm.) doses, then gradually 
increased. 

Where the foregoing measures fail, 
ergot (or, even better, ergotin) and 
antipyrin should be tried. Fontana 
and others have noted pronounced 
benefit from atropine in ascending 
doses. Mercury and neoarsphenamin 
have given good results in cases 
with a positive Wassermann reaction. 

Two cases of clinical recovery un- 
der antisyphilitic treatment, although 


the Wassermann was negative. Slight 
changes suggesting neurosyphilis were 
found in the cerebrospinal fluid. 
Castellano and Schteingart (Prensa 
med. Argent., Mar. 20, 1924). 

First case on record treated by 
X-ray exposures of the pituitary. 
Early pituitary tumor was diagnosed 
on account of a constant visual field 
defect in the right upper temporal 
quadrant. Eleven series of X-ray 
cross-fire treatments in a year resulted 
in return of the visual fields to normal, 
drop of the urine output to 2.5 liters 
— ^at which it had remained over 3 
years, — ^and transformation of a totally 
incapacitated man into an efficient wage- 
earner. E. B. Towne (Jour. Amer. 
Med. Assoc., Dec. 27, 1924). 

I have obtained some success by 
the use of the continuous current, the 
positive pole being placed upon the 
spinal column, and the negative at 
the level of the hilum of the kidney. 

When patients are able to stand 
without too much distress a limita- 
tion of the intake of fluid, this restric- 
tion should be imposed ; in the grave 
cases, however, this is absolutely im- 
possible of realization. 

In a few cases some betterment has 
been experienced through the use of 
diaphoretic measures. 

Lumbar puncture has sometimes 
been resorted to, but the results have 
not been conclusive. 

R. Lepine, 

Lyons. 

DIABETES MELLITUS.- 
DEFINITION. — A disease character- 
ized by non-accidental — i,e., perma- 
nent or very nearly permanent — 
glycosuria, associated with hyper- 
glycemia, and attributed to disease of 
the islands of Langerhans. 

ETIOLOGY. — ^The incidence of 
diabetes varies to a great extent in 
accordance with the factors of age. 
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race, occupation, etc. It is not the 
same in different countries. All that 
can be said, in a general way, is that 
diabetes is not a rare affection. The 
statistics put forth by Williamson 
show, indeed, that different countries 
are very unequally afflicted with it. 
Among the different cities of France 
there is a singular divergence in the 
incidence of diabetes; thus, by com- 
parison with Bordeaux, the disease is 
relatively rare in Lyons. 

The mortality-rate from diabetes is 
higher in New York City than in 
Philadelphia. The average death-rate 
per 100,000 of population rose steadily 
from 4.1 in the 5-year period 1880-84 
to 21.4 in the period 1920-24. In 
Philadelphia the corresponding figures 
were 3.4 and 17.0. Whereas, in 1913, 
diabetes occupied twenty-second place 
among the leading causes of death in 
Philadelphia, in 1923 it has risen to 
twelfth place. For the Registration 
Area of the United States in 1920, dia- 
betes likewise appeared in twelfth 
place. Insulin checked the further 
rise in the death-rate during the last 
half of 1923 and during 1924 in Phila- 
delphia. A phenomenal rise in the 
diabetic deaths in females has been 
taking place. In 1924, in Philadelphia, 
there were 229 deaths in females to 
116 in males. Since 1903, in this city, 
the deaths among females have ex- 
ceeded those among males. J. M. 
Anders and H. L. Jameson (Amer. 
Jour. Med. Sci., Sept., 1925). 

The relative frequency of diabetes 
mellitus in middle age and in the 
period of decline is well known. 
Below the age of 30, on the other 
hand, and especially in childhood, it 
is relatively uncommon. The dominant 
cause of diabetes in childhood is an 
inherited tendency. 

Men are, in general, more likJy to 
be attacked by diabetes than women. 
jCantani reported that, out of 1004 


cases, 837, or 83.37 per cent., were 
males, and 167, or 16.63 per cent., 
were females. This difference is, 
however, somewhat excessive and is 
not reproduced in other statistics. 

The proportion of males and females 
in the white race who suffer from 
diabetes is about 3 to 2. In children, 
however, the ratio is not the same; 
girls have it somewhat more fre- 
quently than boys. According to 
Futcher, in the colored race the cases 
occur more frequently in women than 
in men. In the same country different 
races are very uneqqally affected, and 
on this point, too, it is necessary to 
await further investigations. 

The prevailing belief at the present 
time is that diabetes occurs with rela- 
tive frequency in the Jewish race. 
Wallach found that, out of 156 per- 
sons who died from diabetes, 51 were 
Jews and 105 belong to other de- 
nominations. The mortality from 
diabetes is six times as great (accord- 
ing to this author) among Jews as it 
is in other religions. The correctness 
of this conclusion has, however, been 
challenged by Pollatschek. 

Statements concerning the morbidity 
of Jews in relation to diabetes mellitus 
are of little value, according to Pollatschek, 
as there is never any statement as to the 
relative number of Jews and Christians in 
the clientele of the reporter. The writer 
treated 4714 persons, 2381 of whom were 
Christians and 2333 Jews. There were 653 
diabetics, 289 of these being Christians and 
364 Jews; f.e., reckoned by the number per 
thousands of all patients, 124 Christians 
and 155 Jews had diabetes. Moreover, 
diabetes is common in England, where 
there are few Jews. 

In a study of the mortality of dia- 
betes mellitus in 1775 subjects, the 
writer found that the ratio of deaths 
from diabetes to the total ^ number of 
deaths from all causes was 0.018 
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among’ Jews and 0.007 among non- 
Jews. Morrison (Boston Med. and 
Surg. Jour., July 13, 1916). 

Anders and Jameson found that 
out of 345 deaths from diabetes in 
Philadelphia in 1924, the greatest 
mortality occurred after the 60th 
year — 188 cases, against 120 between 
the ages of 40 and 59, inclusive; 26 
between 20 and 39, and 11 below 20 
years. 

Diabetes is frequently hereditary, 
inasmuch as several members of one 
and the same family are often af- 
fected. 

Case of a diabetic Jew aged 35 years, 
whose 3 sisters had died in diabetic 
coma at 17, 19, and 23 years, respect- 
ively. In each the illness lasted only 
a few months. The mother had died 
in diabetic coma at 32, after 2 years’ 
illness. Her brother and 1 sister had 
died in coma at about 40, and her 
other sister, in her fifties, was also 
diabetic. None of the patient’s father’s 
family were diabetic. Kern (Atlantic 
Med. Jour., Jan., 1926). 

The influence of heredity is much 
greater than that of race, — a fact 
which is not surprising, the com- 
ponent units of a race being much less 
like to one another than those of a 
single family. The factor of inheri- 
tance is observable in one-fifth of all 
cases. That which is inherited, how- 
ever, is not so much the disease itself 
as the predisposition to it, since rather 
frequently diabetes appears in the off- 
spring before it has become manifest 
in the father. 

An inherited predisposition was recorded 
by Frcrichs in 10 per cent, of 400 cases; 
Kiilz, 25 per cent, of 592 cases; Naunyn, 17 
per cent, of 398; von Noorden and William- 
son, about the same percentage. Schmitz 
found a history of diabetes in other mem- 
bers of the family in 47 per cent, of 2115 
cases. Heiberg found only 7 relatives with 
diabetes among 100 non-diabetics, as against 


18 among 100 diabetics. The diabetes had 
set in before the age of 10 in 7 of the 100 
cases and between 10 and 20 in 18. 

The frequency of demonstrable heredi- 
tary cases cannot as yet be stated, on 
account of insufficient investigation of 
the matter, but it is evidently greater 
than has been suspected. Inadequacy 
of the islands of Langerhans, now 
known to be the cause of the disease, 
can be inherited, and may be due to 
numerous factors. Hansen (Acta med. 
Scandinav., Apr. 1, 1925). 

It has been observed that obesity, 
gout, and neuropathic affections exist 
with unusual frequency in diabetic 
families (Prout, Bence-Jones, Bou- 
chard). Frequently obesity and dia- 
betes coexist in the same person. 
A too abundant diet and the abuse 
of wine and cider are predisposing 
causes of diabetes. In 607 persons en- 
gaged in manual labor. or requiring 
great muscular and respiratory activ- 
ity whose urine was examined by 
Worms, no sugar was found in any 
instance: in 100 persons engaged in 
intense intellectual work, sugar was 
found in 10 — a proportion which ap- 
pears to me exaggerated. 

Statistical inquiry into the predis- 
posing influence of obesity in diabetes 
mellitus, based on 1306 cases of obesity 
and 145 of diabetes, all personally ob- 
served. The average percentage of 
overweight in diabetics was 21.62 among 
Gentiles and 27.55 among Jews. The 
incidence of diabetes among obese 
Jews is higher than among obese Gen- 
tiles in a ratio of 12 to 8. While 
adiposity does not fier se explain the 
marked rise in the prevalence of dia- 
betes in the female in recent years, it 
is the most potent single predisposing 
factor in this disease. As is well 
known, the chief cause of adiposity is 
the ingestion of foods containing a 
large percentage of carbohydrates. 
Anders and Jameson (Amer. Jour. 
Med. Sci., Sept., 1925). 
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The causes which we have men- 
tioned so far are predisposing causes. 

Determining Causes. — As to the 
exciting causes of (jiabetes, acute in- 
fectious diseases can be considered in 
this category, for the affection some- 
times comes on after typhoid fever, 
eruptive fevers, etc., and especially 
after influenza. With regard to 
malaria, several French physicians 
have noted a temporary glycosuria 
after attacks of intermittent fever; 
but in malarial countries true diabetes 
does not appear to be any more 
common than elsewhere. The impor- 
tance of syphilis has also been ex- 
aggerated. 

In 73 sera received from patients 
with a known history of diabetes, al- 
most all were chylous, many of them 
extremely so. This is common in 
sera from diabetics, the fat content 
of the serum being usually abnormal. 
Only 1 scrum gave a positive Was- 
sermann reaction, 51 were negative, 
2 doubtful, and in 19 the serum controls 
failed to heniol.wc, so that no read- 
ings could be made. This seems to 
dispose of the contention that dia- 
betic sera give readable ])ositivc re- 
actions with Was.sermann antigens 
when there is no clinical evidence of 
syphilis. A. I. Van Saun (Jour. Med. 
Research, xxxvii, 205, 1917). 

The writer questions Warthin and 
Wilson’s recent statement that syph- 
ilis is a frequent cause of diabetes 
rnellitus. Numerous severe diabetics 
have a considerable degree of choles- 
terinemia, and should, therefore, 
tend to react specially sensitively to 
the Wassermann test if syphilitic 
Historically and on the basis of the 
Wassermann reaction, syphilis is not 
commonly associated with diabetes, 
and a careful examination of the 
writer’s series of 143 diabetics from 
the point of view of history, *'ugges- 
tive symptoms or lesions, and the 
Wassermann reaction, showed that 
only 4 had evidence of syphilis and 


all 4 gave a positive reaction to the 
Wassermann test. J. R. Williams 
(Jour. Amcr. Med. Assoc., Feb. 9, 
1918). 

Six cases of diabetes developing on 
the basis of syphilis. In all of them 
the glycosuria disappeared under anti- 
syphilitic treatment. Padilla and Paz 
(Rev. de la Asoc. med. Argent., July- 
Sept., 1920). 

Acute pancreatic diabetes is fre- 
quently due to infection of the organ 
following tonsillitis. The writer re- 
ports 4 cases, including 1 with dia- 
betes appearing 2 weeks after mumps; 
another, 12 days after severe tonsilli- 
tis, and a third (with polyuria, poly- 
dipsia, and loss of flesh), within a 
month after severe tonsillitis. Blod- 
gett (Penna. Med. Jour., Mar., 1921). 

Case of diabetes setting in 3 months 
after influenza. No glycosuria had 
appeared during the acute illness nor 
the period of convalescence. Exam- 
ining a specimen of the day’s urine 
passed by other former influenza pa- 
tients, the wTiter found sugar in 9 
cases. Five of these were cured and 
remained well. Two died within 3 and 
9 months, respectively. Of the re- 
maining 2, 1 died within a year and 
the other, after some temporary im- 
provement, at the beginning of the 
third year, of true diabetes rnellitus. 
Apparently, influenza, especially if of 
gastrointestinal type, is apt to be fol- 
lowed by diabetes, which may not de- 
clare itself for several weeks after a 
seemingly complete recovery from the 
influenza. Uranalysis is called for in 
all such cases at intervals for some 
weeks at least after the influenzal symp- 
toms have subsided. C. E. Shelley 
(Lancet, Apr. 10, 1926). 

The part played by contagion in 
diabetes is as yet not based upon any 
very exact observations. The occur- 
rence, said to be quite frequent, of 
diabetes in husband and wife has 
been a mooted question. An analysis 
of 2320 cases by Schmitz gave 26 
examples of such occurrence — ^f)robably 
coincidences, according to Senator. 
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[A feature which is overlooked in this con- 
nection is that the same diet is partaken of 
by husband and wife. In two of Sajous’s 
cases the excessive use of sugar and 
sweets caused the glycosuria. If, as he 
states, their mates had also acquired the 
habit, each couple would have been char- 
acterized as suffering from conjugal dia- 
betes in statistical tables, suggesting conta- 
gion — obviously an erroneous conclusion.] 

Mental shocks, violent emotions, 
especially of fear, may be the cause of 
diabetes. Smith and others have em- 
phasized the frequency with which 
this affection occurs in locomotive 
engineers. In addition to pronounced 
emotional stresses and prolonged 
worry, especially financial worriment, 
grief, such as follows, for example, 
the loss of a child, also unquestionably 
exerts a diabetogenic influence in pre- 
disposed individuals. According to 
statistical studies of the question, 
these various causes are operative in 
at least one-third of the cases of 
diabetes. 

In a special study of over 100 cases 
in soldiers, the writer found that only 
1 occurred in the reserves, the rest 
being among soldiers actively en- 
gaged at the front. The chief causes 
seemed to be increased physical 
exertions combined with poor living 
conditions and an improper diet. 
About 65 per cent, occurred in men 
who had not previously shown signs 
of diabetes; the remainder had had 
the disease in mild form or had 
shown some tendency to it. Proper 
care and diet usually removed the 
glycosuria sufficiently to restore the 
men to less active military duty. 
The most important index was the 
state of the blood-sugar. If this re- 
mained high after treatment the 
prognosis was not so favorable as if 
it fell fairly promptly to normal. C. 
von Noorden (Med. Klinik., Sept. 17, 
1916). 

Many other etiological factors might 
be mentioned. Thus, in some instances 


diabetes is observed to appear during 
pregnancy or after the early cessation 
of lactation. Cases have been re- 
ported, on the other hand, in which 
the phenomena of the disease ceased 
during a part at least of the gestation 
period. These various occurrences 
may be fairly well accounted for when 
one tries to analyze them. Thus, in the 
last-mentioned instance, it is with 
women whose nutritional processes 
have been slowed and who were eat- 
ing to excess that one has to deal. 
The growth of the fetus has been of 
benefit to them in that it eliminated 
for them an excess of nutritive 
material. 

Traumatic Diabetes. — According to 
my personal statistics, 5 out of every 
100 diabetics have been the victims 
of trauma. Cantani would place the 
ratio at twice that mentioned, but in 
my opinion such an assertion is 
greatly exaggerated, especially in the 
adult. Perhaps it can be sustained, 
however, in children, since falls on 
the head are very common among 
them. 

A traumatic factor was found by 
the writer in '2 per cent, of 4068 cases 
of diabetes. Cantani’s 1004 cases even 
showed 10 per cent. As a rule, the 
glycosuria following trauma does not 
go on to true diabetes, but disappears 
after about 2 years. Ferrannini holds, 
however, that diabetes may be caused 
by trauma in persons who have not 
the slightest predisposition to it. The 
question whether diabetes following 
trauma is caused by the injury or is 
merely an awakened latent diabetes 
is of no great medicolegal impor- 
tance, as the patient is entitled to 
damages in either case. Diabetics 
should not be assigned to work which 
exposes them to traumatism. S. Diez 
(Policlinico, Mar. 28, 1921). 

Trauma of the skull is particularly 
elective as a cause of diabetes. It 
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must be clearly kept in mind, how- 
ever, that the knowledge of a previous 
traumatism does not necessarily 
imply that the diabetes present is of 
traumatic origin, for in a certain 
number of these patients the existence 
of an inherited predisposition may be 
noted. In such instances traumatism 
acts only as an accidental cause. 

A study of 212 cases of traumatism 
of the head admitted into the Boston 
City Hospital within thirteen months 
showed five classes : ( 1 ) W onnds of 
the scalp; (2) wounds with denuda- 
tion of the bone; (3) comminution, 
including cases followed by loss of 
consciousness, but without fracture; 
(4) fracture of the vault; (5) fracture 
of the base. F. A. Higgins and J. B. 
Ogden found that of the first class 
there were 84 cases, 5 of which, or 6 
per cent., presented glycosuria ; in the 
second class, 43 cases, 4 with glyco- 
suria, — 9 per cent.; third class, 40 
cases, 1 with glycosuria, — 2.5 per 
cent.; fourth class, 24 cases, 5 with 
glycosuria, — 20.8 per cent. ; fifth class, 
21 cases, 5 with glycosuria, — 23.8 per 
cent. In all there were 20 cases of 
glycosuria in 212 cases. 

Among 100 cases of traumatic dia- 
betes, a more or less severe lesion of 
the floor of the fourth ventricle was 
found in approximately 25 cases, 
various lesions of the central nervous 
system in 40, and no discernible 
lesion in 35. 

Through the advances being made 
in anatomical studies, the last of these 
categories will doubtless be further 
reduced. This is . all the more prob- 
able since, in the absence of all 
trauma, violent emotion in itself ap- 
pears to be sufficient to produce a 
slight lesion (through vasomotor 


action). Thus, Williamson reported 
the case of a healthy young woman 
who, upon witnessing her nephew 
sustain a fall, experienced an extreme 
emotional shock, then remained in a 
state of anxiety which rendered her 
incapable of all work. Four weeks 
later, polyuria and glycosuria were 
observed ; then, symptoms of grave 
diabetes, from which she succumbed 
in seventeen months. The autopsy 
revealed the presence of small hemor- 
rhages in the floor of the fourth 
ventricle. 

Independently of traumatism, there 
are sometimes found in diabetics, 
though rather uncommonly, lesions of 
the nervous system. The number of 
unquestionable reported cases of spon- 
taneous lesions of the fourth ventricle 
which had brought on diabetes is 
relatively small. According to the 
experiments of Camus, Gournay and 
Le Grand, glycosuria is particularly 
likely to occur from a lesion in the 
walls of the third ventricle; or, an 
ependymitis, hemorrhage, or a tumor 
in the third ventricle may act simi- 
larly by affecting the paraventricular 
nucleus. 

As for the organic changes (soften- 
ing, etc.) which may be found in the 
cerebral hemispheres in diabetics, in 
some cases proof is available of the 
fact that they are secondary. 

Lesions of the Pancreas. — A more 
or less marked cirrhosis of the pan- f 
creas is met with in a large number 
of individuals, whether diabetic or 
not. It is quite out of the question to 
gain an exact appreciation of the 
etiological value of a pancreatic lesion 
with the naked eye alone. A histo- 
logical examination is indispensable, 
for the microscope alone will permit 
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of distinguivshing the common patho- 
logical change, j)eriacinar cirrhosis, 
from intra-acinar cirrhosis, which 
process alone offers an obstruction to 
the elal)oration of the internal secre- 
tion of the organ. 

In 1889, Minkowski and von Mering 
found that complete pancreatectomy 
in animals led to a typical diabetes, 
with coma and death. By this opera- 
tion the ability of the liver and 
muscles to lay uj) glycogen was an- 
nulled, even the giving of an abun- 
dance of carbohydrates failing to 
bring about deposition of glycogen in 
these structures. The blood sugar, 
however, was above the normal (hy- 
perglycemia). This seemed to show 
that pancreatectomy removed some 
substance or function normally assist- 
ing in carbohydrate conversion. 

In 1900, Opie, and in 1901, Ssobo- 
lew developed, on the basis of patho- 
logical studies, the view that absence 
of an internal secretion from the 
islands of Langerhans is specifically 
responsible for the appearance of dia- 
betes. These islands or islets, meas- 
uring but 0.2 mm. in dianieter, and 
consisting of small polygonal cells 
with round nuclei, are located mostly 
in the middle of the externally secret- 
ing pancreatic acini, and are scattered 
through the pancreas, though more 
plentiful in the tail of this organ than 
elsewhere. In many cases of dia- 
betes, Opie found an interacinar type 
of interstitial pancreatitis, with hya- 
line degeneration and atrophy of the 
islands of Langerhans, while the 
cells of the ordinary pancreatic acini 
were not involved. The fact that not 
all cases of diabetes show degenera- 
tion of the islands is explained on the 
supposition that their activity may 


suffer from a mere functional dis-^ 
turbance, in the absence of any 
change visible microscopically. 

Another step in the elaboration of 
the evidence favoring the islands as 
the sole cause of diabetes was taken 
through the experimental studies of 
MacCallum, which are summarized 
by this investigator as follows : *‘The 
ligature of the pancreatic ducts re- 
sults in atrophy of the acini, but 
since the islands of Langerhans have 
no connection with these they do not 
suffer and no glycosuria results. In 
one type of experiment, half of the 
pancreas was thus ligated off, and the 
animal survived perfectly well. After 
a year such an animal (dog or guinea- 
pig) showed the complete reduction 
of the ligated part to a thin, trans- 
parent film in the mesentery ; extirpa- 
tion of the remaining intact half of 
the pancreas was followed in such an 
experiment by glycosuria, but after 
one day of this the animal showed no 
symptoms whatever and could as- 
similate large amounts of glucose or 
starch. After a month, the transpar- 
ent film which represented the other 
half of the pancreas was extirpated, 
and then the animal was plunged into 
the .severest diabetes. This film con- 
tained only islands of Langerhans.’' 

On these results was based the 
production by Banting, in 1922, of 
insulin, constituting an active anti- 
diabetic principle derived from the 
islands of Langerhans. The thera- 
peutic effects of this principle would 
seem to afford additional evidence of 
the importance of the islands in the 
production of diabetes; yet, neither 
MacCallum’s exj^eriments nor insulin 
can be said completely to prove that 
changes in the islands are the sole 
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cause of diabetes, since they do not 
exclude a participation of disease of 
the remainder of the pancreas in the 
process. It may be noted, in this 
connection, that the cells of the pan- 
creatic acini and those of the islands 
are of identical origin and of like 
nature. It appears quite possible, 
therefore, that the first-named may 
yield some principle to the lymphatic 
or blood-capillaries. Personal re- 
searches showed, indeed, that the pri- 
mary effect of ligation of the duct of 
Wirsung is to augment greatly the 
glycolytic power of the blood. Since 
the islands of Langerhans are not in 
communication with the excretory 
ducts, an excessive pressure in the 
latter can react only upon the cells 
of the acini. 

Autopsy records of 90 cases of dia- 
betes, special attention being paid to 
the lesions in the pancreas. There 
were found: — 

(1) Chronic inflammation of the pan- 
creas, 

CASES. 


Interacinar pancreatitis; sclerosis of 

the islands of Langerhans 39 

Interlobular pancreatitis; sclerosis of 

the islands of Langerhans 4 

Interacinar pancreatitis; hyaline de- 
generation of the islands of Lan- 
gerhans 19 

Interacinar pancreatitis with lipoma- 
tosis ; sclerosis of the islands of 

Langerhans 2 

Interacinar pancreatitis with siderosis 
of the islands of Langerhans 
(hemochromatosis) 2 

(2) Parenchyma normal; lesions of 
the islands of Langerhans. 

Sclerosis of the islands of Langer- 
hans 4 

Hyaline degeneration of the islands 

of Langerhans 7 

Infiltration of leukocytes about the 
islands of Langerhans 1 

(3) Pancreas normal 11 


90 


Of the 11 cases with a normal pan- 
creas 5 showed marked diminution in 
the number of islands of Langerhans. 
In 5 other cases the pancreas was ab- 
normally small. 

These lesions are not secondary to 
diabetes, but are primary, as shown by 
the variety of lesions found. The essen- 
tial cause of pancreatic diabetes is 
a lesion of the islands of Langerhans 
because, as the case analyses show, 
lesions of the islands with normal 
parenchyma often occur, while many 
cases of interlobular pancreatitis with- 
out lesions of the islands occur in 
cases of duct obstruction without any 
signs of diabetes having been present 
during life. Cecil (Jour, of Exper. 
Med., March 1, 1909). 

The microscopic diagnosis of dia- 
betes is satisfactory. In no case did 
the writer find a strictly normal pan- 
creas. The diabetogenic lesions are 
acute pancreatitis, specific lesions of 
the islands of Langerhans, general fi- 
brosis, and scarcity of islands. The 
island lesions are the most suggestive, 
including fibrosis, alone or with hy- 
aline degeneration. Even when visible 
changes are slight, the fundamental 
damage may suffice to cause diabetes. 
General fibrosis is the commonest 
change. Scarcity of islands may re- 
sult from inflammatory or toxic de- 
struction or from hydropic degenera- 
tion. The latter is the one anatomic 
effect of diabetes, explaining the irre- 
parable lowering of assimilation and 
demanding thorough dietetic control. 
Vacuolation is the sign of intense 
functional exhaustion, and goes with 
intense activity of the diabetic process, 
occurring most often in coma and in 
severe cases, but not in the mild cases 
under dietetic control. F. M. Allen 
(Jour, of Metab. Research, Feb., 
1922). 

In 6 out of 26 cases of diabetes the 
islands appeared less numerous than 
in normal pancreases. In 13 hyaliniza- 
tion of the islands was found; in but 
1 of these was the patient below 45 
years of age. Five showed more or 
less sclerosis of the islands. In 5 
there was some lymphocytic infiltra- 
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tion about scattered islands. In 4 
there was no demonstrable pathologic 
change in the islands. In 3 the islands 
showed Cecil’s adenomatous type of 
enlargement. There was no pancreas 
without some apparently normal islands, 
no matter how severe the clinical feat- 
ures or the. changes in some of the 
islands. The acinar tissue showed 
varying sclerosis independently of 
changes in the islands. With 2 ex- 
ceptions, acinar sclerosis was not ap- 
parent in any case much under 2 
years’ duration, even though the 
islands showed considerable change. 
No correlation between diabetic coma 
and pathology was found. 

The variation and inconstancy of the 
pancreatic lesions argue against an in- 
fectious origin of the disease. The 
cause seemingly acts over a long 
period. The autopsy changes in the 
pancreas represent rather the result of 
a long struggle between the regenera- 
tive activity of the pancreas and the 
degenerative changes caused by the 
diabetogenic factor. Evidence of the 
power of the pancreas, and of the 
islands in particular, to regenerate after 
acute injury is easily obtained. Tem- 
porary injury to the islands may ex- 
plain the severe drop in sugar toler- 
ance noted in diabetics during acute 
infections. H. F. Root and S. Warren 
(Boston Med. and Surg. Jour., Jan. 
14, 1926). 

That the islands of Langerhans are 
not the exclusive source of the inter- 
nal secretion of the pancreas is sug- 
gested by the fact that in many in- 
stances of diabetes no universal 
destruction of the islands is present. 
Frequently there is found instead a 
fine scarring of the organ analogous 
to cirrhosis of the liver, or sometimes 
no recognizable change at all (Mac- 
Callum). The matter seems further 
complicated in that in some destruc- 
tive lesions of the entire pancreas, 
glycosuria fails to appear. Thus, in 
acute hemorrhagic pancreatitis with 


destruction of the organ, glycosuria is 
rare (this has been explained as due 
to the prompt fatal termination usu- 
ally occurring in such cases), while 
in extensive cancer of the pancreas 
glycosuria has been noted in only a 
small proportion of cases. According 
to Futcher, the failure of diabetes to 
develop is explainable in that the 
islands are more likely to be pre- 
served at least partly intact than the 
acinar portion of the pancreas. 

The writer questions the independ- 
ence of the islands of Langerhans and 
the conception of them as organs of 
internal secretion essential for the 
combustion of sugar. The islands are 
embryologically derived from the same 
cells as the rest of the parenchyma. 
They can, b> serial sections, be shown 
to have intimate connection with the 
parenchyma and even with the ducts. 
In older subjects groups of acini may 
take on the appearance of islands, and 
typical acinar cells and transition to 
acinar arrangement are sometimes 
seen in islands. Additional evidence 
is adduced to show that the islands are 
really interchangeable with the paren- 
chyma, and constitute a phase in the 
constant morphologic fluidity of the 
pancreas. After experimental duct 
ligation, causing extensive cirrhotic 
loss of pancreatic substance, it is often 
possible to trace the formation of ap- 
parent remaining islands through vari- 
ous stages back to atrophying acinar 
cells. With von Hansemann, Herx- 
heimer and Reitmann, the writer rec- 
ognizes the importance of the pan- 
creas in its relation to metabolism, not 
in a particular secretion of the islands 
of Langerhans, but in activity of the 
whole organ. Buchner and Grafe’s 
investigation has pointed towards in- 
sulin action as a general cell function. 
Insulin having been found generally 
in glands and tissues other than the 
pancreas, some observers lean toward 
the view that the latter organ is merely 
a storehouse for insulin. Horst Oertel 
(Lancet, Apr. 5, 1924). 



DIABETES MELLITUS (LfiPINE). 


17 


Other Internal Secretions. — The in- 
ternal secretion of the thyroid gland 
and especially that of the adrenals 
tends to increase the amount of sugar 
in the blood. It has even been as- 
serted that the latter is indispen- 
sable for the production of a hyper- 
glycemia. 

[See on this point Dr. Sajous’s work on 
the “Internal Secretions,” Vols. I and II. 
The reader will find therein a discussion of 
all the details of the subject, which cannot be 
given here. In Sajous’s opinion, advanced 
in the above volumes (1903-1907), both the 
adrenals and thyroid, when overactive, can 
produce diabetes by inducing, through their 
secretion, abnormal oxidation and metabol- 
ism in the pancreas. The latter organ being 
thus caused to produce an excess of amyl- 
oi)sin, which in turn acts on the hepatic 
glycogen, sugar is formed beyond the needs 
of the tissues at large, and the surplus of 
sugar is eliminated with the urine. This he 
terms the sihcnic form of diabetes mellitus. 

In what he terms the asthenic form, the ad- 
renal and thyroid arc insufficient and, meta- 
bolism in the pancreas being correspondingly 
impaired, alimentary glycosuria occurs pre- 
cisely as it docs after removal of the pan- 
creas or to a less degree when disease of the 
pancreas inhibits its functional activity. R. 
Lepine.] 

Intravenous injection of adrenalin 
induces glycosuria, probably through 
increased mobilization of glycogen in 
the liver, formation of an excess of 
glucose, and resulting rise in the 
blood sugar. Increased activity of 
the chromaffin tissues seems to exert 
an “accelerator” influence on carbo- 
hydrate metabolism, antagonizing, in 
this respect, the pancreas, which is 
thought to inhibit glycogenolysis 
the conversion of glycogen into 
glucose). On this basis, the various 
causes of sympathetic overactivity 
are capable, acting through the ad- 
renal secretion, of inducing glycosuria 
by upsetting the normal balance be- 

4-2 


tween the adrenal and pancreatic 
functions. Diabetes of adrenal origin 
could occur only in hyperadrenia, and 
is therefore not observed in organic 
adrenal diseases, which reduce ad- 
renal activity; on the contrary, hypo- 
glycemia follows bilateral adrenalec- 
tomy and occurs in Addison's disease, 
accounting for the muscular weak- 
ness in the latter condition. 

Adrenalin, 0.5 c.c. (8 minims), in- 
jected in fasting infants, induced a 
transient diabetic acidosis with hyper- 
glycemia, glycosuria, and ketonuria. 
Ammonium chloride checked this ac- 
tion and reduced the glycemia, gly- 
cosuria, and ketonuria. Conversely, 
sodium bicarbonate, even in dosage 
sufficient to alkalinize the urine, failed 
to prevent the adrenalin acidosis. 
Beumer (Zeit. f. Kind., June 7, 1923). 

A possible influence of the thyroid 
in diabetes is suggested by the fact 
that in thyroid hyperactivity, as in 
exophthalmic goiter, carbohydrate 
tolerance is reduced, while in hypo- 
thyroid states it is markedly in- 
creased. In exophthalmic goiter, 
glycosuria and even true diabetes 
sometimes occur. The glycosuria 
following pancreatectomy is reduced 
by thyroidectomy, and in dogs sub- 
jected to the latter operation, accord- 
ing to Falta, adrenalin fails to induce 
glycosuria. 

A marked influence of the pituitary 
on carbohydrate metabolism is like- 
wise well known. Cases of diabetes 
dependent upon a tumor of the 
pituitary, generally but not always 
with concomitant acromegaly, are 
known to occur. Insufficiency of the 
posterior lobe results in a very strik- 
ing increase of carbohydrate toler- 
ance. Conversely, injection of pos- 
terior lobe extract in dogs has been 
found to induce glycosuria and in- 
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crease of blood su^ar. Glycosuria in 
pregnancy and after basal fractures 
has been ascribed to a stimulation of 
the posterior lobe of varying duration. 

Almost constantly in younj^er in- 
dividuals, hut much more rarely in 
older subjects, the author finds a re- 
duced weight of the pituitary body, 
seemingly due to diminution of the 
size of the anterior lobe, with reduc- 
tion in number and size of the eosino- 
phile cells and sometimes degenera- 
tive changes in these cells. True 
diabetes is to be regarded always as 
pancreatogenetic, but aside from the 
pancreatic disease, whether true dia- 
betes will develop depends largely on 
the condition of the other organs con- 
cerned in sugar metabolism. In nor- 
mal subjects with these other organs 
unimpaired, severe pancreatic changes 
are necessary if diabetes is to result, 
whereas much less severe changes are 
required in persons in whom the 
glands that aid in sugar formation 
and are antagonistic to the pancreas 
are hyperactive, e.(j., the pituitary in 
acromegaly and the thyroid in exoph- 
thalmic goiter. Similar considerations 
^pply in individuals in whom from 
any cause there is organically or func- 
tionally induced irritation of the nerve 
centers or pathways of the mechanism 
governing .sugar metabolism. Kraus 
(Arch. f. path. Anat., ccxlvii, 1, 1923). 

It is quite certain that disorders of 
various internal secretions may favor 
the development of diabetes. Apert, 
Spillmann, Jeandclize, and Parisot 
have, among others, reported cases 
,of diabetes which appeared to depend 
upon an infantili.sm of endocrin origin. 
The internal secretions are subject to 
inBuences of the nervous system, and 
diabetes may be, in a certain number 
of cases, dependent upon an excita- 
tion of the sympathetic overbalancing 
the influence of the antagonistic 
(autonomic) nerves. 

In a case of diabetes with intense 
hyperglycemia, there was a sarcoma 


enveloping the pancreas, but no in- 
vasion of the organ itself by the 
tumor. The abdominal sympathetic 
was, however, embedded in the latter, 
and the writers deduce from this a 
sympathetic origin of diabetes, involv- 
ing a relationship to the endocrin 
glands. Dufour, Roueche and Baruk 
(Bull. Soc. med. des hop. de Paris, 
July 25, 1924). 

The fundamental cause of diabetes 
is excessive excitability of the splanch- 
nic sympathetic. Vasoconstriction of 
the liver capillaries results, with hypo- 
tension of the interstitial plasma and 
withdrawal of glycogen from the in- 
terior. The effect of insulin can be 
reproduced by almost any vagotropic 
substance. In clinical cases glycos- 
uria was greatly reduced or dropped 
to zero upon intramuscular injection 
of 2.5 Gni. (38 grains) of peptone. 
Pimenta Bueno (Brazil-med., July 18, 
1925). 

Lesions of the Liver. — Owing to 
the views of Claude Bernard, much 
attention has been given to the condi- 
tion of the liver in diabetes. In most 
instances, however, this organ has 
been found normal post mortem; in 
one-third of the cases, slightly en- 
larged. In rare instances a more or 
less cirrhotic state of the liver is dis- 
covered. Whep this condition is pres- 
ent, microscopic examination shows 
that the pancreas is also cirrhotic. 
According to Jones, Castle, Mulhol- 
land and Bailey, one-fifth of all dia- 
betics over 40 years of age have an 
associated cholelithiasis. 

Hanot and Chauffard, Letulle, and 
others have called attention to the pos- 
sible simultaneous presence — which is, 
however, rare — of a cirrhosis of the 
liver, generally hypertrophic, of a 
more or less generalized pigmenta- 
tion, and of diabetes. To this com- 
bination of phenomena has been ap- 
plied the term bronsed diabetes. This 
has l>een shown to be a late stage of 
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hemochromatosis. Owing to the exten- 
sive deposition of hemosiderin in the 
pancreas, the latter becomes the seat 
of pronounced interstitial pancreatitis, 
from which the diabetes is believed 
to result. 

PATHOGENESIS. — The mono- 
saccharides produced by digestion of 
the ingested carbohydrates consist 
mainly of dextrose (glucose), to- 
gether with small amounts of levulose 
and galactose, and upon reaching the 
liver through the portal vein are con- 
verted therein through a process of 
dehydration into glycogen. The re- 
conversion of glycogen into dextrose 
(glycogenolysis) to satisfy demands 
of the body for energy-yielding pabu- 
lum is believed to be brought about 
by a diastatic ferment known as 
glycogenasc, which occurs in ex- 
tracts of liver and of some other tis- 
sues {e.<j., muscle glycogenase) as 
well as in the blood and lymph. 

The dextrose thus set free from the 
liver glycogen is carried in the blood- 
stream to the muscles and other tis- 
sues, where it is consumed, with 
liberation of heat and energy. While 
the decomposition of the dextrose 
eventually yields carbon dioxide and 
water, the dextrose molecule is not 
supposed to undergo direct oxidation, 
cleavage and other intermediary re- 
actions, concerning which little is as 
yet known, intervening. 

Hyperglycemia, the essential phe- 
nomenon of diabetes mellitus, is itself 
the result of a diminution of the 
power of the tissues to consume dex- 
trose (glycolysis). Diminution of 
glycolysis to a greater or less extent 
exists in all diabetics. This defic^ncy 
is now deemed dependent upon an 
inadequate supply of insulin. The 


reduced power of the tissues to con- 
sume sugar seems to parallel the 
diminishing production of insulin 
through pancreatic disease. From 
the excess of sugar in the blood, 
glycosuria is likely to result. An 
additional noteworthy fact is that, 
with the progress of the diabetes, the 
liver shows a progressive decrease of 
its power to store glycogen. Just as, 
in dogs subjected to complete re- 
moval of the pancreas, glycogen is 
absent from the liver, so in the most 
severe diabetic subjects, glycogen in 
this organ may be found completely 
wanting. 

That the glycosuria of diabetes is 
not due to failure of the liver to con- 
vert the monosaccharides received 
from the intestine into glycogen is 
shown by the behavior of the respira- 
tory quotient, i.c., the ratio of the car- 
bon dioxide eliminated to the oxygen 
absorbed, in these patients. Whereas 
normally the respiratory quotient 
averages 0.8 or 0.82, in severe dia- 
betes, because of the inability to burn 
carbohydrates, it may drop to about 
0.7, indicating the need of a relatively 
larger amount of oxygen. Ingestion 
of sugar by the diabetic subject does 
not generally cause an increase in the 
respiratory quotient such as is ob- 
served in the normal individual (Mac- 
Lean). There is also evidence of 
defective fat oxidation in the pres- 
ence of ketone bodies in the urine. 

With lack of insulin as the factor 
accounting for impaired dextrose 
consumption in diabetes, the point 
should be kept in mind that such 
deficiency of insulin may possibly be 
the result not only of organic disease 
of the islands of Langerhans but of 
extraneous factors influencing the 



20 


DIABETES MELLITUS (L6PINE). 


functional activity of these structures. 
Among other possibilities, Futcher 
recognizes that an influence on the 
islands is, without question, exerted 
by the hormones of some of the other 
endocrin glands through their “accel- 
erator"’ or inhibitory action. Further 
investigations will be needed to ob- 
tain definite light on these matters. 

The absolute and relative amounts 
of the combined sup:ar in relation to 
the free sugar in the blood arc doubled 
in diabetes. Further, when insulin is 
given, the combined sugar increases 
as the free sugar declines. Transfor- 
mation of free into combined sugar 
may account partly for the hypoglyc- 
emia caused by insulin. Bisceglie (Clin, 
mcd. ital., June, 1925). 

There seems no doubt whatever 
that true diabetes arises from a dis- 
turbance in the pancreas resulting in 
an insufficient supply of insulin to the 
organism. One might suppose that, 
like defective sugar oxidation, lack of 
storage of sugar — to which the writer 
ascribes glycosuria in elderly individ- 
uals, — is also necessarily connected 
with some pancreatic defect. But if 
defective storage were always due en- 
tirely to an insufficiency of insulin, it 
is strange that patients showing marked 
glycosuria and with very little power 
to store sugar frequently go on for 
years and years without showing any 
evidence of defective oxidation. Clin- 
ical evidence strongly suggests that, 
whatever part the pancreas may play, 
there is another factor present which 
is very important — apparently the 
liver. Insulin alone will neither oxi- 
dize sugar nor convert it into glycogen. 
Under certain circumstances the tis- 
sue cells may lose, to some extent, 
their power to form glycogen, even 
when the normal amount of pancreatic 
secretion is available. The glycosuria 
of elderly subjects is very often as- 
sociated with some changes in the liver. 
H. MacLean (Lancet, June 12, 1926). 

The Blood in Diabetes. — Hyper- 
glycemia, the result of deficient glyco- 


lysis, is the essential morbid phenom- 
enon in diabetes. The quantity of 
dextrose contained in the blood 
ranges in general from 0.25 to 0.5 per 
cent., i.c,y from 0.25 to 0.5 Gm. per 
100 c.c. of blood. The usual normal 
range in the morning before break- 
fast is from 0.08 to 0.116 per cent. 

Where the water content of the blood is 
reduced because of abnormal urine output, 
the number of erythrocytes in diabetic 
blood may exceed the normal range. Gen- 
erally the leucocyte count is normal, though 
leucocytosis may occur in diabetic coma. 
There is constantly a diminution of blood 
alkalinity, due to the use of bases for the 
neutralization of acids; normal alkalinity is 
rapidly restored by insulin. In severe 
cases, a milky appearance of the serum is 
not uncommon, owing to the reduction of 
fat combustion which is known to accom- 
pany inability to consume dextrose. 

Diabetic blood decolorizes a certain 
number of coloring substances, c.g., 
methylene blue, if it is added to the 
latter in the ratio of 20 mgm. of blood 
to 1 c.c. of a 1 : 6000 solution of the 
coloring agent. This is Williamson"s 
test. 

Bremer’s reaction is exhibited in 
the greenish coloration assumed by 
dry red corpuscles, fixed upon a glass 
slide, when they are treated with a 
mixture of eosin and methylene blue. 
Red corpuscles from normal blood 
under the same conditions assume a 
pink color. I had occasion to observe 
with Lyonnet — and Bremer admitted 
it — ^that this reaction is not peculiar 
to diabetic blood. We obtained it 
also with red corpuscles from leu- 
kemic blood. The reaction is, there- 
fore, of but limited value. 

The Renal Element in Diabetes. — 
Blood under normal conditions con- 
tains about 1 Gm. of sugar in 1000 
c.c. Normal urine, on the other 
hand, contains only a few cgm. of it 
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in the same amount. Thus, the kid- 
neys oppose the elimination of dex- 
trose from the blood when such dex- 
trose is present in it within the normal 
range of concentration. If the blood 
sugar rises, however, beyond a cer- 
tain level, known as the renal threshold, 
the sugar overflows and appears in 
the urine. This threshold is gen- 
erally about 0.16 to 0.18 per cent. It 
varies somewhat, however, in differ- 
ent patients, and may vary in the 
same patient on different days. In 
occasional instances, the blood-sugar 
may be 0.2 per cent, or higher, yet 
glycosuria be absent. It may be suffi- 
ciently high to lead to gangrene or 
other complications, in the al)sence 
of glycosuria. 

A number of years ago, I reported 
the rather extraordinary case of a 
woman the subject of both Bright’s 
disease and diabetes whose blood, on 
the last day of her life, contained 
about 1 per cent, of sugar, and in 
whom glycosuria was nevertheless 
exceedingly slight. 

Ten cases of diabetes associated 
with nephritis. In all there was pres- 
ent a marked inability to concentrate 
urea, as shown by MacLean’s urea 
concentration test. In 8 cases the 
renal threshold for dextrose was nor- 
mal. In 1 it was raised .slightly; in 
the tenth case, to a greater extent. 
Thus, chronic azotemic nephritis does 
not usually alter the permeability of 
the kidney for glucose. MacLean’s 
test is of greater value in estimating 
renal function in diabetes than is 
blood urea estimation, since the pro- 
longed low diet required in many pa- 
tients tends to lower the blood urea. 
E. Wordley (Lancet, Mar. 28, 1925). 

Neither the concentrating nor the 
diluting powers of the kidneys are 
impaired in severe diabetes. There 
may, however, be some delay or dimi- 
nution of water excretion. Retention 


of sodium chloride may occur, espe- 
cially if dextrose or urea in large 
amount is given along with the salt. 
Apparently the kidneys in diabetics 
are unable to excrete large quantities 
of different substances simultaneously. 
This type of insufficiency may account 
for the raised renal threshold for dex- 
trose met with in cases of long stand- 
ing. O. Klein (Wien. Arch. f. inn. 
Med., June 15, 1925). 

SYMPTOMS.— With but rare ex- 
ceptions, the onset of this disease is 
insidious, and cannot be recognized 
by the ])atient. Many cases of dia- 
betes remain entirely unsuspected un- 
til the time when some symptom 
other than the glycosuria attracts 
the patient’s attention. This may be 
either excessive thirst, polyuria, un- 
usual weakness, or even impotence. 
More rarely, it is a sudden diminution 
of the acuity of the vision, or perhaps 
a complication in the form of furun- 
culosis or balanitis in men, and pru- 
ritus vulvae in women. The daily 
quantity of urine is increased, except 
in some rare cases, classed under the 
head of ^'diabetes decipiens/* 

Urinary Symptoms. — The urine is 
pale in color; the reaction is some- 
times rather strongly acid; the specific 
gravity, except in some very rare 
cases, is very perceptibly increased 
(1025 to 1045 and even 1050 has been 
met with). The odor is sweet, owing 
to the presence of glucose, which may 
amount to, or even exceed, 8 per cent. 
Generally speaking, the quantity indi- 
cated by Fehling’s test is a little 
greater than that registered by the 
polarimeter. This is due, first, to the 
fact that the urine contains reducing 
substances which do not deviate the 
plane of polarized light, and, second, 
to the fact that in a number of cases 
of severe diabetes beta-oxybutyric 
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acid salts are present in the urine, 
which deviate it to the left in such a 
manner that a portion of the deviation 
to the right, due to the glucose, is 
rnasked. 

In mild cases of diabetes the true 
beta-oxybutyric acid is not present in 
the urine; there may, however, be 
other substances which deviate polar- 
ized light to the left, especially 
levulose, which has very rarely been 
met with in diabetes, to the exclu- 
sion of the glucose (Zimmer, Kiilz, 
Seegen, Neubauer). 

Other sugars have sometimes been 
found ; for instance, traces of pentose 
(Salkowski, Kiilz), inosite, etc. Kiilz 
and Vogel found a mixture of dextro- 
sazone and pentosazone in the urine 
of 76 out of 80 cases of diabetes. In 
64, reaction positive; in remaining 12 
cases, doubtful. Pentoses occur, how- 
ever, in but minute proportion com- 
pared to glucose. 

Albuminuria exists in diabetes in at 
least one-third of the cases, but in 
only a few cases is it symptomatic of 
Bright’s disease. 

Urea. — Owing to the polyuria, urea 
is naturally only j)resent in the urine 
in a very small proportion, but the 
daily quantity of this substance is 
often increased. In this respect one 
may distinguish two classes of dia- 
betics, according to whether the urea 
is normal or augmented in relation to 
the patient’s body weight. An excess- 
ive catabolism of nitrogenous ma- 
terials is an important morbid factor 
in diabetes. The relation of urea to 
the total nitrogen is not noticeably 
altered, except in grave cases of 
diabetes, in which the proportion of 
ammoniacal salts is, as is well known, 
greatly increased, in order to over- 
coijie the acid dyscrasia. 


Uric Acid. — Very contradictory as- 
sertions have been made concerning 
the excretion of uric acid in diabetics. 
In reality the exogenous uric acid is 
naturally abundant in those eating a 
great deal of meat. As for the endog- 
enous uric acid, it is a rare occurrence 
for it to be increased in diabetics; in 
fact, as a rule it is diminished. In 
severe cases of the disease an abnor- 
mally large amount of the alloxuric 
bases has at times been detected. 
This product is often considerably in- 
creased, in most instances owing to 
the meat diet, and, though very infre- 
quently, as a result of the denutrition 
incident upon the disease. 

Ammonia. — The increase in the 
urinary ammonium in a few diabetics 
was pointed out by Pxiussingault in 
the first half of the last century. Its 
.significance was recognized later, 
when it became known that the pro- 
duction of ammonia in the diabetic 
subject is often a defen.sive measure 
on the part of the economy against 
acidosis. 

Lactic and Oxalic Acids. — These 
acids are sometimes present in excess 
in diabetic urine, and a few cases have 
been reported in which the proportion 
of oxalic acid present was enormous. 
These are, however, exceptional dis- 
turbances of nutrition, constituting in 
reality a complication of diabetes. 

Chlorides. — The proportion of chlo- 
rides in the urine generally does not 
present any marked change ; there 
are, however, cases in which a distinct . 
choluria exists (Ascanio Rodriguez). 

Calcium. — The excretion of calcium 
salts is considerably increased in the 
severe forms of diabetes, while in mild 
forms it is the same or only slightly 
in excess of that met with in healthy 
persons. 
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Iron , — An increase in the excretion 
of iron, probably in relation with 
augmented hemolysis, has at times 
been noted. 

Cardiovascular Symptoms. — Hyper- 
tension is rather frequently present in 
diabetics. A certain proportion of the 
cases show arteriosclerosis and some- 
times present signs of cardiac weak- 
ness, vis., a tendency to ernbryocar- 
dia, a considerable degree of acceler- 
ation of the pulse when the patient 
changes from the recumbent to the 
vertical posture, etc. Such a condi- 
tion of the circulatory system is truly 
a complication of the disease, and as 
such must be taken into account in 
the prognosis. 

In 140 cases, the writer found that 
in uncomplicated diabetes the blood- 
pressure is normal or slightly under 
normal. Nephritis, arteriosclerosis, or 
aortitis was found in every case show- 
ing high pressure. The pressure was 
not affected by the presence or ab- 
sence of sugar in the urine. J. Rosen- 
bloom (Jour, of Lab. and Clin. Med., 
Apr., 1922). 

In 90 cases, the author found that 
diabetic symptoms were frequently 
preceded by a period of high blood- 
pressure. Out of 22 ca.ses without 
glycosuria, the blood glucose was con- 
siderably increased in 14, or 63 per 
cent. Hypertension and renal lesions 
coexisted in 7 of the 22 cases. Of 
these 7, 4 showed the greatest increase 
of blood glucose. Hypertension may 
thus be regarded as a prediabetic 
symptom. In established diabetes, if 
present at all, it occurs in the early 
period, being seldom present in late 
diabetes. It is probably due to in- 
creased secretion of adrenalin. Mara- 
non (Arch, de cardiol. y heniatol., 
Apr., 1922). 

There is a special type of diabetes 
characterized by low blood-prvssure. 
In 2 such cases observed, there were 
also subnormal temperature and di- 
minished power of reaction to warmth. 


Large amounts of sugar and ketone 
bodies were being excreted. Success 
in treatment required 4 months, and 
was not attained until insulin was 
combined with a nutritious cjtet and 
fast days. The patients then gained 
some 20 kilos, in weight, temperature 
returned to normal, and the blood- 
pressure gradually rose. I. St. Lorant 
(Med. Klin., May 4, 1924). 

Contrary to what one might have 
supposed, the heart is found of small 
size and the myocardium pale at 
autopsy in almost one-half of diabetic 
cases. In one-third, however, I have 
found the heart enlarged. The hyper- 
trophy of the organ is sometimes 
dependent upon renal sclerosis or 
generalized arteriosclerosis; at other 
times, in relation with a (primary) 
increase in size of the other organs. 
As a matter of fact, diabetes does not 
spare arthritics of massive build and 
possessing large organs originally any 
more than it does other individuals. 

Digestive Functions. — It will easily 
be realized that the ingestion of an 
excessive amount of liquids and 
solids must sometimes lead to dis- 
turbances of the gastric digestive 
function. These disorders seem to 
depend oftener upon achlorhydria 
than upon hyperchlorhydria. 

In view of the frequency of pan- 
creatic lesions in diabetics, one might 
suppose a priori that the utilization of 
foodstuffs would often be imperfect 
in them. But this supposition is not 
confirmed by the observed facts: The 
balance of ingested nitrogen and 
nitrogen excreted in the urine shows 
that in all but exceptional cases the 
deficit is slight. Fats, it is true, may 
not be utilized altogether as well as 
protein materials. As for the diges- 
tion of starchy substances, , it is per- 
fectly well carried out. 
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In a Rontgenological study of the 
gastro-intestinal tract in 72 diabetics, 
gall-stones were found in 8 per cent. 
In 8 more cases there were very sus- 
picious shadows, some of which 
proved to be gall-stones at subse- 
quent operations. Evidence of gall- 
bladder region adhesions existed in 
26 of the cases. Duodenal stasis was 
rare. J. T. Case (Jour. Amer. Med. 
Assoc., Sept. 16, 1916). 

Symptoms Relating to Respiratory 
Apparatus. — Diabetics who do not 
suffer from pulmonary complications 
show no morbid phenomena in this 
direction except an increase in the 
gaseous interchanges in grave cases 
and a lowering of the respiratory quo- 
tient, due, in turn, to the deficient 
destruction of glucose. 

As pointed out by Tirard, however, dys- 
pnea, when urgent, is a grave sign in dia- 
betes. When it develops, one should ex- 
amine the chest carefully for evidence of 
tuberculosis or other pulmonary trouble, 
and also the urine for acetone or diacetic 
acid, remembering that these may be pres- 
ent even when, or particularly when, the 
sugar has shown signs of diminishing. 
When the sugar diminishes and dyspnea is 
worse, ketone bodies are almost certain to 
be present. 

General Metabolism. — The diminu- 
tion of glycolysis in diabetics is sub- 
ject to wide individual variations. In 
a few, it is but slight. It is to be 
borne in mind, too, that certain 
sugars are more perfectly utilized 
than glucose. 

Disturbance of fat metabolism in 
diabetes arises from the fact that for 
complete combustion of fat, even in 
normal subjects, a certain amount of 
carbohydrate must undergo combus- 
tion at the same time. It is as if the 
fat, being less easily oxidized than 
carbohydrate, required a coincident 
burning of the latter to maintain its 
own combustion. When, owing to 


deficiency of insulin, the capacity to 
burn sugar becomes progressively 
reduced, combustion of the fats is 
correspondingly imperfect, with re- 
sulting accumulation of fatty acids, 
i.c., diabetic acidosis. 

Disturbance of protein metabolism 
may occur by reason of the fact that 
it is feasible for the system, when the 
need exists, of obtaining 58 per cent, 
of carbohydrate from protein mater- 
ials. This property of converting 
protein into carbohydrate, sometimes 
termed gly cone agenesis, is thought to 
be exercised chiefly through the liver, 
and comes into play when, in severe 
diabetes, no other carbohydrate is 
available for the purposes of the body 
because of inability to utilize it or 
because none has been ingested. 
Thus, when a diabetic fasts and is 
then fed exclusively on protein, dex- 
trose is derived from the protein in 
a constant ratio of about 58 per cent. 
Where a diabetes is total, i,e,, no 
sugar (whether ingested or not) is 
utilized, and all of the 58 per cent, of 
the protein is converted into dextrose, 
it is found that the amount of dex- 
trose appearing in the urine bears a 
definite relation to the amount of 
nitrogen excreted, vi::., 3.65 to 1, indi- 
cating that the dextrose as well as 
the nitrogen have arisen in a definite 
way, i.e,, through the breaking down 
of the protein molecules. Such con- 
siderations account for the fact that 
frequently in severe diabetes glycos- 
uria occurs even when the patient is 
on a starvation diet ; under these con- 
ditions the body proteins themselves 
are manifestly being broken down. A 
similar process goes on in prolonged 
starvation of a healthy subject; in 
spite of such starvation, the blood 
sugar is maintained at a practically 
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constant level. In most diabetics 
who have lost their tolerance of car- 
bohydrates, however, the D : N (dex- 
trose-nitrogen) ratio is found to be 
2.8:1, the 3.65:1 ratio occurring 
only in a much smaller number of 
cases. The former ratio corresponds 
to a conversion of only 45 per cent., 
instead of 58 per cent., of the protein 
into dextrose. In this connection a 
division of dextrose into two forms, 
alpha-dextrose and beta-dextrose, has 
been found justifiable, the former re- 
ferring to the dextrose in the 2.8: 1 
ratio, and the latter to that represent- 
ing the added 13 per cent, of protein 
which is converted where the 3.65:1 
ratio prevails. 

Like the proteins of the food and 
tissues, the fats may also yield carbo- 
hydrate material through conversion 
where the demand for such material 
exists. In this connection it is the 
glycerin, of which the fats yield ap- 
proximately 10 per cent., which is 
converted into dextrose. Ringer's 
investigations indicated that dextrose 
could be produced by decomposition 
of the higher fatty acids. According 
to Von Noorden the amount of dex- 
trose derived from fats is small, but 
may be greater in diabetics than in 
normal subjects. 

COMPLICATIONS. — The com- 
plications of diabetes are numerous. 
It is necessary to distinguish those 
which are accidents superimposed 
upon the disease, e,g,, phlegmonous 
processes which are the result of in- 
fection, from those complications 
which form part, as it were, of the 
diabetic process. Among the latter, 
acidosis must be placed in the front 
rank, and will be discussed first. 

Acidosis. — The healthy average in- 
dividual eliminates daily about 20 


mgm. of acetone through the respira- 
tory tract; a trace of it is also ex- 
creted in the urine. If the sub- 
ject is starved for two or three days, 
much more acetone will be eliminated. 
In addition, he will excrete diacetic 
acid, as shown by means of Gerhardt's 
test, and even beta-oxybutyric acid. 
This process of elimination of the 
acetone bodies occurs owing to the 
fact that the system is deprived of 
carbohydrates. Carbohydrate com- 
bustion being necessary as a ‘'flame” 
in which proper fat oxidation may 
occur, its absence leads to faulty fat 
combustion with accumulation of in- 
termediate products, z'lr., the acetone 
bodies. 

Now, in severe diabetes, with markedly 
diminished glycolysis, the system is in 
reality likewise deprived of carbohy- 
drates, for the reason that the glucose 
present in the blood and tissues can- 
not be utilised. Diabetic acidosis 
is thus, in a sense, the necessary re- 
sult of every diabetes accompanied 
by a marked decrease of glycolysis. 
Furthermore, when a diabetic is sub- 
jected to a carbohydrate-free diet he 
is being exposed to the more or less 
early production of acidosis. 

The expression acidosis is justified 
by the fact that there exists an accu- 
mulation in the system of organic 
acids — diacetic (acetoacetic) and beta- 
oxybutyric acids. It is to be remem- 
bered, however, that this form of 
acidosis is different from that induced 
by injecting into an animal a solution 
of a mineral acid. It is a special form. 
Blood containing acetone bodies is 
more toxic than it would be did it 
contain an equivalent of an inorganic 
acid. 

The term acetonemia has also been 
used to designate the acidotic com- 
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plication of diabetes, but, strictly 
speaking, is applicable only where 
acetone is alone present. The term 
ketone bodies is often employed as a 
synonym of acetone bodies, and the 
condition resulting from accumula- 
tion of these substances is referred to 
as ketosis, which term designates the 
disturbance more specifically than 
does “acidosis.” 

That diacetic acid and acetone are 
derived from beta-oxy butyric acid is a 
generally accepted fact. But the op- 
posite process may also occur, and 
diacetic acid yield, by synthesis, 
oxy butyric acid. Jn diabetes, the lat- 
ter is the last of the three ketone 
bodies to make its appearance. 

Detection of acetone and diacetic 
acid in the urine indicates the prCvS- 
ence of acidosis, but their absence is 
not incompatible with the existence 
of acidosis, as retention in the system 
may occur. Beta-oxybutyric acid, 
which exists in the urine mainly as 
sodium oxybutyrate, marks a more 
advanced stage of acidosis. The ex- 
tent to which this substance may 
accumulate is evidenced in Magnus- 
Levy^s estimate that from 100 Gm. of 
fat, 36 Gm. of beta-oxybutyric acid 
may be formed. Excretion of 5 to 10 
Gm. of this acid in twenty-four hours 
marks a moderate acidosis; excretion 
of 30 Gm., a severe one. 

Acidosis is apt to bring on numer- 
ous morbid results, of which the most 
serious is coma. This will be con- 
sidered later. 

It also gives rise to lipemia, a rather 
common condition which is attribu- 
table to failure of proper combustion 
of the fats in the body. In these 
cases the blood may contain a large 
amount of fat, — as much as 100 Gm, 
or more in 1 liter of blood. The 


blood presents the appearance of 
chocolate to which milk has been 
added. The very high fat accumula- 
tions are, however, exceptional ; Boor 
found the average total blood lipoids 
in severe diabetes to be 1.41 per cent., 
as against an average normal of 0.59 
])er cent. The fat consists to a large 
extent of olein; but lipoids, lecithin, 
and especially cholesterol are also 
j)rescnt in large proportions. The 
condition is thus in reality not only a 
lipemia, but also a lipoid cmia. 

Having thus taken a general view 
of acidosis, let us now consider the 
other complications of diabetes. 

Nervous System. — The most com- 
mon secondary nervous lesions of 
diabetes are certain peripheral nerv- 
ous disturbances, especially those 
which result in a1)olition of the knee- 
jerk. The condition of the knee-jerk 
was tested repeatedly by Grube* in 
128 cases of diabetes. It was found 
normal in 113 and increased in 2. In 
the latter instances the patients were 
suflfering from a severe form of dia- 
betes. In 4 cases of severe diabetes 
the knee-jerk was absent or greatly 
diminished. It was also absent in 9 
slight cases. Excluding 3 of these, — 
because 2 of the patients were tabetic 
and the third was too obese to admit 
of satisfactory examination, — there 
Avere only 10 patients (7.6 per cent.) 
in whom the knee-jerk was abolished 
or greatly reduced. 

On the other hand, R. T. William- 
son, in an analysis of 50 cases, found 
both knee-jerks absent in 50 per cent., 
both present in 38 per cent., and 
feeble or absent on one side in 12 per 
cent. In patients under 25 years the 
knee-jerks were absent in 80 per 
cent. ; under 30 years, in 75 per cent. ; 
over 30 years, in 46 per cent. , 
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The loss of knee-jerks may be as- 
cribed cither to changes in the pos- 
terior columns of the cord or a peri- 
pheral neuritis. It does not seem to 
have any special prognostic bearing. 

The other nervous symptoms are 
pain and, more rarely, paralysis. The 
neuralgia of (lial)etes is very pain- 
ful and difficult to cure. Worms ob- 
served that it is very often symmetri- 
cal, and maintained that the pain in- 
creases and decreases with the hyper- 
glycemia. Ziemssen was the first to 
refer this neuralgia to a neuritis. 
There are also lightning jiains that 
somewhat resemble those of tabes. 

Diabetic polyneuritis develops as 
docs ordinary polyneuritis of toxi-in- 
fectious orimn. The prognosis is 
generally favorable. The toxic prod- 
ucts developed in the course of the 
diabetes act on the nerves like any 
other toxic products of similar viru- 
lence. In a case observed by the 
writers, ecthyma and gingivitis were 
the first warning symptoms of the 
disease. Then sugar was discovered 
in the urine, and later the polyneu- 
ritis developed. Pitres and March- 
and (I’rog. mcd., Sept. 8, 1917). 

In diabetes there is frequently an 
inflammation of the circumllex nerve. 
The presence of this type of neuritis 
is demonstrable through the existence 
of motor disturbances affecting the 
deltoid muscle. In latent diabetes cir- 
cumflex neuritis may be of diagnostic 
assistance. This neuritis is analogous 
to sciatica in diabetics, and is probably 
toxic in causation. Sergent and Kauf- 
mann (Bull. Soc. mcd. des hop. de 
Paris, May 29, 1925). 

According, to Lereboullet, attacks 
of pain even simulating “gastric 
crises’" are sometimes forerunners of 
diabetic coma. 

Vergely reported a case in wnich 
there were pains resembling those of 
angina pectoris. 


Of the possible trophic disturbances, 
perforating ulcer is the most serious. 

The paralyses of diabetes present 
themselves as follows: 1. Limited 
and incomplete paralysis; this is by 
far the most prevalent form. 2. 
Monoplegia. 3. Hemiplegia. 4. Para- 
]>legia. The various forms of diabetic 
paralysis are sometimes associated, 
or are combined, with certain unusual 
phenomena, c.g„ facial hemiplegia 
preceded by facial neuralgia and fall- 
ing of the upper eyelid, or paresis of 
the extensors of the left thigh, im- 
peded speech and deviation of the 
mouth to the left (Charcot), etc. The 
progress of these paralyses is also 
somewhat peculiar: they are some- 
times migratory and transitory. Some 
of them are undoubtedly of central 
origin, but the majority are of peri- 
pheral origin, a neuritis forming their 
anatomical su])stratum. The peri- 
pheral variety is not exempt from 
this rule, as is proved by the exist- 
ence, in diabetic paraplegia, of the 
symptom-complex known as steppage, 
characterized by lowering of the for- 
ward part of the foot in walking. This 
we know is due to paralysis of the 
foot extensors, ami occurs in peri- 
pheral neuritis, but not in myelitis. 

Cramps arc another motor disturb- 
ance met with in diabetic subjects. 
These occur principally in the lower 
extremities, and at night they occa- 
sion insomnia, which, according to 
Bernard and Fere, appears to be, in 
diabetic subjects, the first symptom 
of disturbance of the cerebral circula- 
tion, and may sometimes prove the 
forerunner of serious symptoms. 

Convulsions are rare. I have met 
with a few cases in which they oc- 
curred, but, as the autopsies, showed, 
they were not due directly to the 
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diabetic hyperglycemia, their imme- 
diate caUvSe being lesions in the motor 
areas of the cerebral cortex, brought 
on through the influence of the dia- 
betic dyscrasia. 

Narcolepsy and Mental Disturbances, 
— More frequently narcolepsy, Le,, a 
condition of irresistible tendency to 
sleep, has been noted in obese dia- 
betics. The obesity is the principal 
cause of this trouble. As for the 
mental disturbances, they have been 
carefully studied by Legrand du 
Saulle. Generally they are charac- 
terized especially by melancholia and, 
in particular, by the fear of being 
ruined. The chronic vascular lesions 
in the brain constitute their chief 
cause, but it also seems certain that 
the diabetic dyscrasia itself plays a 
role in their production, as they are 
often observed to disappear or at least 
to improve when the hyperglycemia 
and acetonemia are reduced. 

Toxic hallucinosis occurred in a 
case of diabetes observed by the 
writers. This suggests that in all 
probability some of the so-called 
anxious depressions in the literature 
may have been really of this type. 
Singer and Clark (Jour. Nerv. and 
Mental Dis., Dec., 1917). 

Coma. — Coma is by far the most 
serious of the nervous complications 
of diabetes ; its termination is almost 
always in death. 

1. Cardiac coma: In a few cases, 
relatively quite rare, the findings at 
autopsy are limited to lesions of the 
heart. Frerichs has drawn attention 
to these cases, and T have reported a 
typical example: The patient, who 
was somnolent when brought to the 
clinic, showed not a trace of aceto- 
nuria, and was relieved exclusively by 
digitalis. 


2. Coma due to cerebral lesions: 
In another type of cases, not com- 
monly met with either, cerebral 
hemorrhage or softening is found at 
the autopsy. In these cases the coma 
is the result of the cerebral lesions. 

3. Acetonemic coma: Finally, in an- 
other category of cases, which are 
relatively very numerous, the body is 
observed at the post mortem to give 
off an odor of acetone; the brain is 
rather pale and, in addition, there are 
also rather often kidney lesions. Such 
is the condition revealed in about 95 
per cent, of all cases of diabetes that 
have succumbed in a state of coma. I 
desire to lay special stress on the fact 
that renal lesions are rather often met 
with. While they occur only in a 
minority of cases, it cannot be as- 
serted that, if uremia plays a part in 
the production of coma, that part is 
entirely subsidiary and conditional. I 
must also add that in a few quite rare 
cases lipemic thromboses have been 
found in the cerebral vessels. This 
complication is, however, of but little 
importance in view of its infrequency, 
and it may be definitely asserted that 
in the vast majority of cases it is the 
acetonemia alone which is the cause 
of the coma. 

Case of diabetic coma in which 
marked reduction of intraocular ten- 
sion caused so-ftness of the eyeball 
under pressure. Heine holds that a 
soft eyeball in a patient in coma 
proves the coma to be diabetic. 
Riesman (Jour. Amer. Med. Assoc., 
Jan. 8, 1916). 

Dehydration is common in dia- 
betic coma, though not the cause of 
the coma, appearing only after the 
latter is under way. It shows most 
in the eyeball. In 2 typical cases 
the specific gravity of the blood was 
1064 and 1068, while the reds in 1 
case were 8,34O,0(X), while in the 
other patient copious drinking of 
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water caused the reds to drop nearly 
to half their original figure. The 
pressure in the arteries may be so 
low as to amount to actual heart 
failure, with suppression of urine se- 
cretion. Hypertonic solutions of so- 
dium bicarbonate should be avoided, 
since they would dehydrate the blood 
still more. LeConte and Doric (Presse 
mcd., Apr. 2, 1917). 

Pathogenesis of Diabetic Coma . — 
The acetone bodies — especially beta- 
oxybutyric acid — possess a rather 
high degree of toxicity, which is but 
little inferior to that of lactic acid. 
According to Desgrez, the intra- 
venous injection into rabbits of beta- 
oxy butyric acid in the dose of 1.6 
grams per kilogram of body weight 
produces death. Magnus-Levy found 
as much as 1 gram of the acid per 
kilogram of muscle-tissue in diabetics 
succumbing in coma. The quantity 
of this acid in the body in cases 
threatened with coma was estimated 
by Naunyn at 200 to 300 grams. 
Others have found about 100 grams 
of total acid in the form of diacetic 
acid during recovery from coma. The 
chief toxic agent in coma, however, 
is believed to be the beta-oxybutyric 
acid, which has proven experimen- 
tally an active poison of the respira- 
tory center, vaso-motor center, and 
brain in general, coma resulting from 
the latter effect. 

As previously mentioned, the accu- 
mulation of acids is a by-effect of de- 
ficiency of dextrose combustion. For 
a time, the acids are neutralized by 
sodium and other bases available in 
the tissues. When these are largely 
exhausted, recourse is had for neutrali- 
zation to ammonia, which is produced 
by the body through conversion of 
urea in order to supply additional 
alkali. In incipient coma, accordingly. 


as much as 7 or 8 grams of ammonia 
may be excreted daily, as against 0.5 
to 1 gram in normal subjects. Am- 
monia will neutralize five times as 
much beta-oxybutyric acid as an 
equal weight of sodium bicarbonate. 

The degree of acidosis required to 
bring on coma cannot be specifically 
stated in quantitative chemical terms, 
since it is subject to rather wide varia- 
tions, owing to varying conditions of 
the renal excretory power, carbohy- 
drate and protein storage, and other 
factors. Onset of coma is favored by 
excessive carbohydrate restriction, 
increase of fat in the diet, or starva- 
tion from any cause, including vomit- 
ing — the latter itself of varying 
causation. Acute infections and cer- 
tain general anesthetics are well 
known to favor acidosis, and consti- 
pation, undue fatigue, chemical poi- 
sons, alcoholism, and skull fracture 
are likewise predisposing factors. 
Elderly subjects, especially after the 
age of fifty, seem more susceptible to 
the ketone bodies than children. 

The onset of coma is often pre- 
ceded by an abrupt diminution of 
the output of urine. 

Symptomatology of Diabetic Coma . — 
The premonitory symptoms com- 
prise: (1) Certain urinary evidences, 
via., the presence of an abundance 
of ketone bodies in the urine, as 
well as of ammonia; often a diminu- 
tion of the glycosuria ; diminution 
of the urea nitrogen as compared to 
the total nitrogen, and copious cylin- 
druria (hyaline and granular). (2) 
Pulse acceleration. (3) Headache. 
(4) Anorexia. 

Next there appears a symptom 
which is a close forerunner of coma, 
via., altered respiratory rhythm, gen- 
erally characterized by an abnormal 
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amplitude of the respiratory move- 
ments. In this, the Kussmaul or “air 
hunger” type of breathing, the dis- 
turbance is at first only inspiratory, 
but later expiration is also seen to 
be exaggerated. The breathing is 
loud, although typically free of the 
stertor observed in cerebral hemor- 
rhage. While deep, it is not generally 
increased in rate, and is regular. The 
pulse meanwhile becomes decidedly 
frequent and of small volume. At 
first restless, the patient loses his 
coherency of speech and becomes 
comatose. A fruity odor of the breath 
may be noticed. Moderate cyanosis 
may exist, and the temperature gen- 
erally falls below normal. 

Threatening coma is usually indicated by 
the occurrence of diacetic acid or beta-oxy- 
butyric acid in the urine, although in a few 
cases these acids may be continuously ex- 
creted without the supervention of coma. 
Diacetic acid is tested for by GerhardVs 
test, described in Vol. I, p. 236. In the case 
of beta-oxybutyric acid, no simple clinical 
test is available (see Vol. II, p. 267), and this 
substance is therefore not usually tested 
for, especially since the presence of dia- 
ceturia and acetonuria is sufficient evidence 
that it exists in the system. 

Since the ketone bodies in the urine often 
do not accurately reflect the degree of aci- 
dosis present, and may even be wanting in 
spite of the existence of marked acidosis, 
other and more direct tests are sometimes 
employed, which permit of definitely recog- 
nizing acidosis even in its early stages. 
Such procedures include determination of 
the alveolar carbon dioxide tension, the 
alkali tolerance test of Sellards, determina- 
tion of ammonia excretion in the urine, 
estimation of the alkali reserve of the blood, 
and determination of the hydrogen ion 
concentration of the blood. 

Alveolar carbon dioxide tension estima- 
tions are conveniently made by Marriott’s 
method (see Vol. II, p. 267). Some allow- 
ance in interpreting the results should be 
made for starvation of any degree that may 
coexist, since starvation per se lowers the 


carbon dioxide tension. Vomiting and low 
caloric diet are possible factors. 

The Sellards test is described in V^l. II, 
p. 268. From a normal maximum alkali 
tolerance of 10 grams of sodium bicarbo- 
nate, the amount of bicarbonate required to 
alkalinize the urine rises progressively with 
the intensity of acidosis until, in severe 
acidosis, 200 grams may have to be given 
before the urine becomes alkaline. 

Determination of the ammonia in the 
urine as an index of diabetic acidosis is 
readily carried out by the Ronchese test; 

A 10 per cent, solution of sodium carbo- 
nate is added, a drop at a time, to the urine 
until the reaction becomes neutral. Some 
formaldehyde solution (40 per cent.) is 
neutralized with a normal sodium hy- 
drate solution, with phenolphthalein as in- 
dicator, until a slight pink tint develops. 

A mixture of 25 c.c. of the neutral urine 
and 10 c.c. of the neutral formaldehyde • 
solution is then made and titrated against 
Ym normal sodium hydrate solution until a 
deep pink develops. One c.c^ of the soda 
solution for 100 c.c. of urine corresponds 
to 0.017 Gm. of ammonia in 1000 c.c. of 
urine. A daily ammonia excretion of 2 Gm. 
shows a mild, and 5 Gm. a severe, acidosis. 

Estimation of the blood alkali reserve is 
an even more direct and trustworthy meas- 
ure of acidosis than the foregoing proced- 
ures, but is more time-consuming and less 
available for clinical purposes. The method 
of Levy, Marriott and Rowntree is de- 
scribed in Vol. V, p. 369. ■ 

The hydrogen ion concentration of the 
blood, normally 7.35 (oxalated blood), rises 
in true acidosis, and in severe diabetic 
coma may reach pii = 7.0, or even a slightly 
lower figure. For the methods of hydrogen 
ion determination, see Vol. V, p. 573. 

Coma usually sets in rather abruptly, 
and when it is once established, no 
sort of medication, except insulin or, 
occasionally, an intravenous injection 
of alkali, is capable of saving the 
patient. At this time there is usually 
noted a peculiar lowering of tonicity 
of the eyeballs, indicating a decrease 
in the water of the tissues, at- 
tributed to excessive aqueous loss 
through polypnea. Exceptionally, coma- 
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tose diabetics may present convul- 
sions; this occurs most frequently in 
cases where slight uremia complicates 
the acetonemia. Death takes place 
after an interval rarely exceeding 
thirty-six hours. 

Organs of Special Sense. — Cataract 
is the most common symptom; it 
nearly always develops in both eyes, 
if not simultaneously, at least with 
but a short intervening period. It is 
characteristic of this form of cataract 
to be relatively soft. Retinitis is next 
in order, with white exudations along 
the vessels and in the perimacular re- 
gion. According to Mauthner, many 
causes may lead to ocular lesions in 
this disease. Among them are (1) 
diminution of water; (2) diminution 
of resistance of the vessels, due to 
general weakening of nutrition; (3) 
the existence of a toxic substance in 
the blood, produced by abnormal 
processes; (4) various complications. 

From a study of 25 cases in which 
ocular lesions of various character 
were found by Ilirschberg in associa- 
tion with diabetes, three groups were 
distinguishable: (1) a characteristic 
inflammation of the central region of 
the retina, with small, bright areas, 
and frequently also small hemor- 
rhages ; (2) retinal hemorrhages, with 
the consequent inflammatory and 
degenerative changes ; (3) rarer varie- 
ties of retinitis and degeneration, the 
relation of which to the constitutional 
disease remains to be demonstrated. 

The retinitis is nearly always ac- 
companied by slight hemorrhages. 
True optic neuritis is much more rare. 
According to Saundby, the retinitis of 
diabetes is distinguished from that of 
Bright’s disease as follows: 1. The 
patches are irregularly distributed 
around the center of the retina, not 


specially near ti 
met with on the 
the temporal side 
patches are nevei ^ 

shape. 3. They are never associatCO 

with papillitis or diffuse retinitk 4. 
The hemorrhages are, as a rule, punc- 
tiform, and not striated, 5. Hemor- 
rhages into the vitreous are common. 

A retrobulbar neuritis would ex- 
plain the existence of the central sco- 
toma sometimes met with in diabetes. 

Besides the ocular lesions men- 
tioned, Panas, and, after him, Hirsch- 
berg, have insisted upon visual dis- 
turbances caused by a defect of 
accommodation. ■ 

Out of 7176 eye patients by the 
last-named observer, 113, or per 
cent., were diabetics. After ten years’ j ^ 
existence this disease regularly causes,' 
he states, alterations of the eye struc- 
tures, particularly the lens and retina. 

In a third of the cases diabetes then 
was found associated with some of 
the following significant changes: (1) 
uncomplicated paralysis of accom- 
modation in middle life ; (2) late 
myopia occurring between 40 and 60 
years, without changes in the lens; 

(3) retinitis, and (4) quickly de- 
veloping cataract in young persons in 
poor health. 

There may be functional ocular dis- 
turbances with diabetes, either of 
refraction or visual acuity. There 
may also be partial paralysis of ac- 
commodation, probably toxic in origin, 
according to Terrien. Myopia is not 
uncommon ; neither is cataract or 
diminished refraction, or there may 
be disturbed central or peripheral 
vision, amblyopia, hemianopsia, etc. 
Separate muscles may be paralyzed, 
and diplopia. 

Paralysis of the intrinsic, muscles 
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is very rare. Paresis of the abducens 
sometimes occurs ; also a combined 
paralysis of the ociilomotors gfiving 
rise to imperfect lateral motion of 
both eyes. A nuclear origin is evident 
in these cases. 

The frequency and sudden onset of 
the minor ocular signs of diabetes, 
such as disturbances of refraction (par- 
ticularly myopia) and accommodation, 
may be of diagnostic utility. A con- 
genital predisposition probably exists 
in these cases. Terrien (Paris med., 
Oct. 22, 1921). 

Hypermetropia in diabetes appears 
only after the patient has been placed 
on an antidiabetic diet. S. Hagen 
(Arch. f. Ophth., June 14, 1921). 

In ophthalmic examinations in 292 
diabetics, the writer found eye affec- 
tions traceable to this disease in 25 
per cent., vh., in 82 cases. Out of the 
latter cases, 52.4 per cent, showed 
retinal affections; 16 per cent., cata- 
ract; 14.6 per cent., transient errors 
of refraction, and 8.5 per cent., 
opacity in the vitreous. C. L. Ander- 
sen (Acta ophthalni., ii, 250, 1924). 

According to Gelle, suppuration of 
the ear is not rare in diabetics. The 
progress of acute otitis is the same as 
that observed in gout: Rapid tume- 
faction, protrusion, and redness of the 
tympanum. During the second day 
severe pain appears, and later there is 
abundant suppuration from the external 
meatus. 

Inflammation of the mastoid has 
been observed in diabetes by Urquhart. 

According to Potts, there is something 
almost characteristic in mastoiditis in dia- 
betes in that the mastoid is often attacked 
without any marked signs of trouble in the 
tympanum. The destruction of bone takes 
place more rapidly and extensively than in 
Other cases. On the other hand, when an 
acute otitis media does precede mastoid in- 
flammation, there will be sometimes an un- 
usually small amount of pain, although the 
membrane will continue persistently bulg- 
ing in spite of repeated incision. The lumen 


of the canal is apt to be narrowed, due to 
sagging of the walls, external otitis, or a fur- 
uncular condition. The acute inflammatory 
phenomena are apt to be absent until late, 
pointing to a low vitality or resisting power, 
which constitutes an additional indication 
for early operation. Postoperatively, the 
granulations have a tendency to become 
large and flabby. Speed in operating and 
brief anesthesia are important. 

Cardiovascular System. — The le- 
sions of the heart have been, until 
recently, but indifferently studied. 
The organ undergoes a reduction in 
size and weight in about one-half the 
cases. In over one-third of the cases 
I have found it hypertrophied. Mayer 
has also observed this, and states that 
increased cardiac volume, either from 
hypertrophy or dilatation, is much 
more frequent in diabetes than one 
would suppose from the literature, he 
having found it without other ana- 
tomical lesions in 82 out of 380 cases. 

These patients are either possessed 
of a very delicate constitution, with the 
heart action weak and irregular, or 
they are obese diabetics, with the face 
red or cyanosed, who present a strong 
cardiac impulse and signs of dilatation 
of the heart, either with or without 
atrophy. These patients are apt to 
die suddenly. Such cases should not 
be confounded with the true diabetic 
coma; moreover, they differ from the 
latter by the absence of acetonuria 
and by the suddenness of death. 
Very often it is after a voyage or 
fatigue of some kind that these 
patients fall into a state of collapse, 
with cold extremities; small, feeble 
pulse; a more or less rapid loss of 
consciousness, and death in a few 
hours. 

Description of a confusing symptom- 
complex in diabetes, featured by chil- 
liness with cold perspiration, ashy pallor 
of the face, rapid and soft pulse, cold 
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hands and feet, muscular weakness, and 
dilated pupils. In the more pronounced 
cases the patient may seem to be in 
sever-e shock or collapse. As com- 
pared to the symptoms of the insulin 
reaction, the pallor is more marked, 
and the cold sweating more profuse 
than the slight moisture which pre- 
cedes the insulin tremor, though less 
general and extreme than the later 
sweating attending an insulin convul- 
sion. Dizziness is common, and there 
may be various paresthesias, dis- 
turbed coordination, and dimness of 
vision. Faintness may be complained 
of, though actual loss of consciousness 
has not been observed. A constant 
finding, even in mild cases, is low 
blood-pressure. B. Smith (Cal. and 
West. Med., Mar., 1925). 

Arteriosclerosis is common in dia- 
betics. Ferraro dwells particularly 
upon generalized endarteritis. Ac- 
cording to him, the atrophic and ne- 
crotic lesions reported in various 
organs are due to this endarteritis. 
That true gangrene (excluding death 
from acute specific processes, which 
may occur in any subject and at any 
age) occurs in diabetic patients un- 
accompanied by such arterial disease 
as would of itself produce the gan- 
grene, yet remains to be proved. 

Five cases of what the writer re- 
gards as an arteriosclerotic coma in 
diabetes, all ending fatally. While 
there was a superficial resemblance to 
true diabetic coma, the breathing was 
not of the Kussmaul type and acetone 
was absent or in small amount. Usu- 
ally there were nervous symptoms 
such as hemiparesis, positive Babin- 
ski, etc. Apparently the brain arteries 
in diabetes may be affected as are 
those of the extremities in diabetic 
gangrene. H. Strauss (Med. Klin., 
Mar. 13, 1925). 

Case of intermittent claudication 
and fatal cerebral hemorrhage in a 
diabetic woman of 55 years. Tnere 
were atheromatous changes in the 
peripheral arteries. Cholesterol, pres- 
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ent in excess in the blood, is supposed 
to have been retained in the inflamed 
intima of the arteries, promoting hy- 
perplastic changes and vascular occlu-. 
sion. Letulle, Labbe and Heitz (Arch, 
des mal. du cceur. May, 1925). 

Edema, which is quite common in 
diabetes, is not always symptomatic 
of an affection of the heart. It may 
possibly be due to complication with 
Bright’s disease, or to a venous 
thrombosis, of which a number of ex- 
amples have been reported. In most 
instances, as maintained by Widal, it 
is caused by a retention of the chlo- 
rides, — whence the indication for a 
chlorine-free diet in these cases. 

There is a tendency to sodium chlo- 
ride retention in diabetics, to which 
edema may be due. If sodium chloride 
and glucose are given together, the 
urine may not contain any chloride 
at all. O. Klein (Miinch. med. Woch., 
Mar. 27, 1925). 

Pulmonary Apparatus. — The most 
frequent complication in this direction 
is pulmonary tuberculosis. At least 
one-third of the cases of diabetes 
treated in the hospitals are admitted 
on this account. The lesions of dia- 
betic lung trouble are almost always 
those of tuberculosis. The excep- 
tions met with are cavities following 
pulmonary gangrene, which, as has 
been remarked by some clinicians, do 
not yield the usual fetid odor. There 
may also occur ulcerations due to a 
fibrous ulcerative pneumonia. 

In the 8 fatal cases out of 14 col- 
lected cases of diabetes with tubercu- 
losis, the cause of death was always 
the tuberculosis. As the latter ad- 
vances, the glycosuria and acetonuria 
disappear, carbohydrate tolerance in- 
creases, and the need of insulin de- 
creases. Acidosis is generally absent, 
and none of the cases had diabetic 
pruritus or furuncles. C. Lundberg 
(Acta med. scandin., Apr. 1,1925). 
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After phthisis, pneumonia is a 
serious complication of diabetes. 

Pneumonia is rare in diabetes. In 
700 cases studied by Bussenius only 
7 cases of pneumonia were observed, 
not counting 1 case of bronchopneu- 
monia and 5 of influenzal pneumonia. 
In none of these cases did the sugar 
disappear during the febrile period. 
It may begin like ordinary pneu- 
monia. I have seen several such 
cases. The temperature does not 
differ from that usual in pneumonia, 
and the urine remains, notwithstand- 
ing the fever, at its usual level. There 
are also cases of rapid pneumonia, of 
which I have observed several. In 
the primary congestive period death 
may ensue in a few hours. 

Digestive Apparatus. — The gums 
are usually red and tumefied. Dental 
alveoloperiostitis exists, as a rule, 
when the diabetes dates back several 
years. The teeth soon become loose 
in the alveoli and fall out, and dental 
caries is frequently present. In 
arthritic diabetes pharyngitis is often 
present, or, at all events, congestion 
of the pharynx, with the expectora- 
tion of bloody mucus. 

Garel describes a form of pharyn- 
gitis symptomatic of diabetes or albu- 
minuria. There is at first a slight 
difficulty in deglutition, a sensation of 
pressure in the throat, and a deposit 
of mucus which annoys the patient 
considerably. An examination of the 
throat shows the pillars of the fauces 
and the posterior portion of the 
pharynx to be reddened, the mucous 
membrane red, swelled, and fre- 
quently covered by a layer of glairy 
mucus. Freudenthal noted a diabetic 
ulceration of the throat. The ulcers 
have a tendency to increase in depth 
and extent, and are extremely painful. 


These ulcerations do not present any 
characteristic appearance or location. 

The stomach is dilated in all cases 
of polyphagic diabetes. In the latter 
cases the digestion is apparently ac- 
complished much more readily than 
one would suppose in view of the 
enormous quantity of food taken, but 
this is often only seemingly the case, 
as, notwithstanding the absence of 
symptoms of indigestion, the food is 
imperfectly dealt with. The hydro- 
chloric acid is often absent in 
the gastric juice (Rosenstein, Cans, 
Honigmann). Sometimes there are 
lesions of the mucous tract (intersti- 
tial gastritis, atrophy of the glands) ; 
in other cases no distinct lesions have 
been observed. Cans and Honigmann 
claim to have found hyperacidity in 
certain cases. 

The disturbances of the intestinal 
digestion are less known, because they 
are less accessible for investigation. 

Among 140 diabetic patients Seegen 
found the liver enlarged in 28: about 
20 per cent. Others have found a 
greater proportion of enlarged livers, 
but it is to be borne in mind that ex- 
aminations made during life do not 
yield uniformly dependable results. 
The temporarily congested liver pre- 
sents a greater volume and consist- 
ency than in the cadaver. The differ- 
ences of opinion concerning the 
condition of the liver in diabetes are, 
in a measure, due to this fact. 

In certain subjects attacked with 
severe diabetes, a brownish color of 
the skin, and especially that of the 
face, similar to that witnessed in Ad- 
dison’s disease, is observed. But, as 
stated under Etiology, such lesions are 
not, as a rule, a complication of dia- 
betes, but occur concomitantly or be- 
fore this disease. 
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Hanot and Chauffard published 2 
cases of this kind in 1882. Cases were 
afterward reported by Letulle, Hanot 
and Schachmann, Brault and Galhard, 
Barth, and others. Upon section, the 
liver is found hard and distinctly and 
uniformly sclerotic, and microscopic 
examination shows the hepatic cells 
to be infiltrated with yellowish-brown 
or black granulations, while at certain 
points there are large black masses. 
The* sclerotic connective tissue shows 
by its topographical distribution the 
existence of bivenous cirrhosis. In 
the portal spaces obliterative endar- 
teritis is found, with networks of 
.biliary pseudocanaliculi, masses of 
pigment, and remains of destroyed 
hepatic cells. 

The liver is the seat of predilection 
for deposits of pigment, but the latter 
has also been found in the pancreas 
(Hanot and Chauffard), as well as in 
slight quantities in the kidney, and 
even in the heart. Finally, it may 
occur in the skin itself. 

The quantity of iron chemically de- 
termined in the pigmented organs is 
variable : Quincke found in 1 case an 
enormous quantity of dry matter. 
The liver was said to contain, in all, 
27 grams. Zaleski justly remarks 
that this pigmentation is not charac- 
teristic of iron. 

Urinary System. — Urinary compli- 
cations are very common. First there 
are those due to previous morbid 
conditions (gout, for instance), and, 
in particular, there are those which 
depend upon the diabetic dyscrasia, 
and which, as is known, are complex 
in the case of gravel diabetes. 

The renal lesion most common in 
diabetes has been reported by Ar- 
manni and fully described by Strauss. 

It affects exclusively the zona 


limitans, where it invades the straight 
tubules of Henle, which may be either 
large or slender ; sometimes, like- 
wise, some of the collecting tubules 
(Strauss). As to the localization, 
there arc individual variations ; in one 
instance it was found exclusively in 
the ascending branch of the loop. 

Armanni regarded this lesion as 
a hyaline metamorphosis. Ehrlich, 
with the aid of iodized gum, proved 
that it is really an infiltration of the 
cells by the glycogenic substance. He 
regarded it as a constant symptom in 
diabetes; but this opinion appears to 
be somewhat exaggerated. At all 
events, this lesion affords proof of the 
ease with which the organism syn- 
thetically transforms the sugar into 
glycogen. Ehrlich thought that the 
sugar so transformed was that con- 
tained in the urine. Strauss — basing 
his opinion upon the fact that the 
lesion is localized in the zona limi- 
tans, in the neighborhood of the 
capillaries interposed between the 
uriniferous tubules — is inclined to be- 
lieve that this sugar conies from the 
blood of these capillaries. In support 
of this hypothesis the fact may be 
advanced that the glycogenic infiltra- 
tion may take place in other organs 
besides the kidneys ; the brain, for in- 
stance (Futterer). 

In certain cases of severe diabetes, 
particularly when death has been 
caused by coma, Ebstein has seen a 
peculiar alteration in the epithelium 
of the convoluted tubules in which 
circumscribed areas alternate with 
normal portions. According to Alber- 
toni, this lesion is due to the acetone 
or to the acids which exist in the 
blood in severe diabetes. 

More recently, and only in cases in 
which death occurred during coma, 
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P'ichtner has reported a very circum- 
scribed alteration in the cells of the 
convoluted tubules, which consists of 
an infiltration of fat at the base of 
these cells, which is detected by osmic 
acid. I have also met with this 
change, to which the attention of 
pathologists should be directed. In a 
study l>y Colcord of 644 post-mortem 
examinations on su])jccts who had 
died of diabetes, the condition of 
the kidneys was carefully noted in 
241. In the remainder they were re- 
ported healthy, or only the gross ap- 
pearances were noted. Of the 241 
cases, 68 were noted as hypertrophic ; 
52 as hyperemic ; 94 as the seat of a 
nephritis; 17 as having fatty degen- 
eration; 7 had epithelial accumula- 
tion; 2 had cysts, and 1 multiple 
abscesses. 

Lesions similar to those of Rright’s 
disease rarely occur in the diabetic 
kidney. 

Eight cases of a clinically distinct 
type of diabetic coma presenting the 
" following features: Blood sugar and 
blood urea very high; urine usually 
small in quantity, going on to com- 
plete anuria; little or no acetonuria or 
diaceturia; some albuminuria; coma 
often not deep until just before death; 
air hunger absent or slight; no acetone 
odor of the breath; prognosis usually 
fatal, from anuria. 

While insulin gives marvellous re- 
sults in ordinary diabetic coma, it fails 
in these cases, 7 of the 8 succumbing. 
With insulin any slight acidosis pres- 
ent was easily abolished, the urine 
rendered sugar-free, and the blood 
sugar brought down to normal, yet 
the patients became worse, secreted 
less urine, and were finally anuric. 
There was always some albuminuria, 
and usually a few casts. Urea in the 
urine was generally low. There was 
seldom noticeable thickening of ar- 
teries or high blood-pressure. The 
chief symptoms were vomiting, rest- 


lessness, and feeble, quick pulse. The 
type of respiration varied, sometimes 
Cheyne-Stokes, but never typical air 
hunger. Tension of the eyeballs was 
lowered, as in ordinary coma. Some- 
times there was quiet delirium, but 
never twitchings nor convulsions. 
Against a uremic causation was that, 
beyond slight albuminuria, many cases 
showed no evidence of renal insuf- 
ficiency, while the symptoms differed 
from those commonly found in ur- 
emia, resembling much more those 
of so-called urinemia from obstructive 
suppression of urine. Certain changes 
found post mortem (not specifically 
described), suggested, however, that 
the kidneys are an important factor. 
In the single case \vhich recovered, 2 
pints of normal saline solution had 
been given subcutaneously at the out- 
set, and 4 pints more were introduced 
during the first 24 hours. A. C. Begg 
(Lancet, July 11, 1925). 

Several authors have dwelt upon 
the frequency of cystitis in diabetic 
subjects. 

A complication which is much more 
rare is pncumatiiria, in which the pa- 
tient toward the end of micturition 
ejects a jet of gas through the urethra. 
In a patient observed by Mueller, the 
gas, which was collected under water, 
was composed as follows: H, from 
44 to 57 per cent. ; N, from 33 to 35 ; 
CO2, from 9 to 19; O, traces; CH4, 
traces. Freshly voided urine con- 
tained 1 per cent, of sugar, but some- 
times there was no trace of it. No 
doubt the fermentation of the sugar 
in these cases is due to the presence 
of foreign organisms, especially yeast 
cells or other fungi, in the bladder. 

Skin. — The cutaneous complica- 
tions occurring in diabetes are pruri- 
tus, eczema, and gangrenous lesions. 
The pruritus may exist without any 
appreciable lesions. It affects the 
genital organs, especially the glans 
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penis in men. In women it is much 
more painful, affecting the vulva. It 
gives rise to an itching, burning sen- 
sation, with exacerbations, which may 
cause insomnia and various nervous 
symptoms. Sometimes it occurs early 
and is one of the symptoms first re- 
vealing the existence of the disease. 

Diabetic eczema is of two varieties: 
either genital, in which case, like the 
pruritus, it appears to be due to the 
local irritation caused by the sugar, 
or general, when it occurs principally 
in arthritic subjects. Chronic eczema 
of the genital organs in women may 
be pachydermic (Fournier). 

The gangrenous dermatoses were 
carefully studied by Marchal de 
Calvi, and later by Kaposi. 

Furuncle and carbuncle frequently 
complicate diabetes. The carbuncle 
presents a somewhat peculiar type, 
beginning insidiously, and with but 
little pain ; edema is not marked, and 
the febrile reaction is either slight or 
does not exist. Very frequently the 
affection is complicated with a phleg- 
monous process or with gangrene. 

Gangrene may be primary in dia- 
betics, without any previous phleg- 
mon or carbuncle. In this case it is 
dry or mummified, like senile gan- 
grene. It begins most frequently in 
the toes, and has been seen to origi- 
nate simply in a local asphyxia. I 
have already mentioned the diabetic 
perforating ulcer. 

A form of lichenoid exanthema has 
been described in diabetes. In a pa- 
tient seen by Robinson, touching the 
tumor caused a burning sensation. 

Grube observed 9 cases in which 
psoriasis coexisted with gout, or dia- 
betes, or both ; this writer holds tnat 
a causal relation between these affec- 
tions does undoubtedly exist. 


Sherwell enumerates the cutaneous 
disorders observed in diabetes as fol- 
lows : Generalized xeroderma, which 
is quite common; eczematous derma- 
titic manifestations occurring in any 
region of the skin, especially prone to 
attack the flexor surfaces, and more 
especially the genital, anal, and ingui- 
nal regions; furuncular and carbun- 
cular manifestations are quite fre- 
quent in this condition, and are found 
generally in the nuchal and gluteal 
regions; erythematous lesions, some 
evanescent, others of the graver kind, 
as erysipelas, are commonly present; 
gangrene; dermatitis herpetiformis of 
Duhring; xanthoma diabeticorum; 
blastomycetic dermatitis. 

Locomotor Apparatus. — The carti- 
lages may present the lesions upon 
which Krawkow dwells, which are 
due to a deposit of glycogen. 

Frerichs refers to the lightness of 
the bones. They have been found to 
be extremely light in some cases. I 
have stated above that in serious cases 
the lime in the urine is relatively in- 
creased. Perhaps these anomalies 
bear less relation to the hyperglyc- 
emia than to the acid dyscrasia of the 
severe form of diabetes, to which we 
shall now refer. 

Concomitance of Diabetes and 
Cancer. — It is not an extremely un- 
common occurrence for a cancer to 
appear in diabetics, and the observa- 
tion is said to have been made that 
cancer runs its course more rapidly 
in these patients than in non-dia- 
betics. A rapid course is not, how- 
ever, constant in cancer occurring in 
diabetes. 

Traumatism in Diabetics. — Wounds 
heal more slowly than normal in dia- 
betics. Verneuil has compared them 
in this respect to alcoholics. As for 
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the converse relationship, i.e., an in- 
fluence exerted hy trauma upon the 
course of diabetes, it is clearly shown 
in certain cases. 

Concomitance of Diabetes and 
Febrile Diseases. — Febrile affections 
sometimes favor and at other times 
tend to prevent glycosuria, according 
to the nature and virulence of the in- 
fection present. A moderate degree 
of hyperthermia, not of infectious 
origin, reduces glycosuria by increas- 
ing the destruction of glucose. On 
the other hand, clinical observations 
show that infection favors the onset 
of diabetic coma. 

Evidence presented indicating that 
the ill-effects of infection in diabetes 
are due, not to a disturbance in the 
ketogenic balance, but to an actual re- 
duction in the amount or proportions 
of dextrose oxidized. H. B. Richard- 
son and S. Z. Levine (Jour, of Biol. 
Chem., Mar., 1925). 

Diabetes and Pregnancy. — Spon- 
taneous abortion is observed to occur 
rather frequently in diabetic women. 
At all events, the product of concep- 
tion comes to term only in two-fifths 
of the cases. The surviving children, 
moreover, generally do not enjoy very 
sound health. 

As for the influence exerted by 
'pregnancy on diabetics, it is rather 
prejudicial than otherwise; but there 
are exceptions to this. It is difficult, 
indeed, to formulate any useful gen- 
eralizations on this point. Each case 
must be considered individually. 

Pregnancy in diabetes does not de- 
mand immediate abortion, even if 
acidosis is present. If pregnant dia- 
betic patients are managed suitably, 
they will very likely abort less fre- 
quently. It cannot yet be accepted 
that pregnancy aggravates diabetes, 
and nursing is not contraindicated 
after confinements. E. P. Joslin 


(Boston Med. and Surg. Jour., Dec. 
2, 1915), 

Among 427 diabetic women in the 
childbearing period, pregnancy occur- 
red in only 5 per cent. (Von Noorden). 
The writer’s experience, confirmed the 
above ratio. The evidence of sterility 
docs not necessarily parallel the seve- 
rity of the disease. It is presumed, al- 
though without definite pathologic 
evidence, that diabetes may cause suffi- 
cient damage to the ovaries to bring 
on complete sterility. In 58 cases re- 
ported in 1909, there was a mortality 
of 30 per cent, from diabetic coma 
during labor or immediately post par- 
turn, and a 21 per cent, mortality within 
2y2 months after labor. A number of 
cases have been reported with slight 
improvement or no aggravation dur- 
ing pregnancy, but the majority of ob- 
servers have noted a distinctly detri- 
mental effect. 

The intrauterine fetal mortality has 
been stated to be 50 per cent., often 
with death of the mother in coma fol- 
lowing that of the fetus. A certain 
number of premature and weak in- 
fants, some with hydrocephalus and 
congenital diabetes, were born of dia- 
betic mothers. Extreme hydramnios 
has frequently been the indication for 
premature induction of labor. The 
moderately severe or severe diabetic 
should be prevented from incurring 
the risk of a pregnancy, since, in the 
writer’s experience, the effect of the 
latter on the damaged diabetic pan- 
creas was not warded off by insulin. 
It is doubtful whether diabetes melli- 
tus ever develops in pregnancy un- 
complicated by toxemia. 

Aside from true diabetes, there may 
be met with in pregnancy (1) renal 
glycosuria, and (2) a type of diabetes 
peculiar to pregnancy. The former is 
due to lowering of the renal threshold, 
3 to 5 Gm. of sugar being excreted in 
24 hours; does not call for reduction 
of carbohydrates, and disappears 
promptly after delivery. The second 
group is that of cases which develop 
a hyperglycemia and marked glycos- 
uria, without clinical symptoms of 
diabetes. In each of 2 such cases oh* 
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served there was a mild toxemia of 
pregnancy. The glycosuria disappears 
post partum, and the condition is ap- 
parently caused by a transient func- 
tional insufficiency of the islet tissue. 
H. J. Wiener (Amer. Jour, of Obst. 
and Gyn., June, 1924). 

COURSE. — While essentially a 
chronic affection, diabetes may ex- 
ceptionally occur in an acute form. 
Authentic cases of this nature are 
few, because the evolution of the dis- 
ease may actually have been an 
incipient one, and have remained un- 
noticed up to a certain period, when 
there is a sudden aggravation. 

[Loeb reports the case of a chemist who, 
while in good health, examined his own 
urine and found it normal. Soon after, he 
became ill, and experienced violent thirst. 
At this time the urine contained 8 per cent, 
of sugar. Death took place in five weeks.] 

Death is not invariably the termina- 
tion of acute diabetes. Several cases 
of recovery have been reported. 
Holsti saw, in a man 41 years old, 
diabetes having a very sudden begin- 
ning, judging by the thirst, and which 
was only subjected to dietetic treat- 
ment six weeks later. After three 
days of abstinence from carbohydrate 
food the urine, which had contained 
8.8 per cent, of sugar, lost all trace 
of it, and the subsequent use of 
starchy food did not cause a return of 
the diabetes. This is, of course, a 
rare case. More frequently a diabetes 
having an acute beginning passes into 
a chronic condition. 

A mild form of diabetes has some- 
times been described as intermittent; 
it is due in a measure to the influence 
exerted by a too liberal diet. As soon 
as a proper diet is instituted the 
glycosuria disappears. This is not, 
properly speaking, an intermittent 
diabetes. Such cases belong rather to 


the type of alimentary glycosuria. 
In a series of 6 cases of recurrent 
transitory diabetes studied by Drey- 
fus Brissac, the proportion of sugar 
was very variable, but usually 30 to 
40 Gm. a day. The glycosuria dimin- 
ished rapidly under a rigid diet. The 
amount of sugar was generally less 
in the second and third attacks than 
in the first, but the attacks lasted 
longer with each relapse, 1 or 2 Gm. of 
sugar persisting for weeks or months. 
As a rule, there was albuminuria, 
which subsided with the glycosuria. 
The proportion of uric acid was high. 
In all cases there was a moderate 
degree of polyuria. Thirst and 
hunger were never marked, but ema- 
ciation, a sense of physical exhaus- 
tion, and depression were prominent 
symptoms; these recurred with dimin- 
ished intensity with each attack. 
Months or years of perfect health 
sometimes separated the attacks. In 
1 case ordinary diabetes supervened. 
The recurrent transitory variety of 
diabetes is connected in certain cases 
with a constitutional arthritism, in 
others with an acquired arthritic 
tendency. 

Transitory diabetes is not dangerous 
in itself; it is the expression of a weak 
constitution or transitory dyscrasia. 

True intermittent diabetes is almost 
independent of the alimentation. 
Cases of this variety have been re- 
ported by Bence-Jones, Baudremont, 
and others. Saundby reports 1 case. 
I have myself seen 1 alternating with 
albuminuria. This form of diabetes 
is principally met with in arthritic 
and hysterical subjects. Its appear- 
ance depends principally upon nervous 
causes, mental or otherwise. 

DIAGNOSIS. — A well-defi|ied dia- 
betes cannot be mistaken by an ex- 
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perienced physician. The general indeed, at times a rather difficult one. 
symptoms, with the glycosuria, estab- Following is the method of attaining 
lish the diagnosis. it: If the urine contains at least 3 

Diagnosis by Examination of the Gm. of sugar to the liter, Nylander's 
Urine. 1. Is there sugar in the urine? reagent may be used, vis., bismuth 
If the percentage of sugar found in subnitrate, 2 per cent., and Rochelle 
the urine is considerable, diabetes is salt, 4 per cent., in 10 per cent, sodium 
probable. If, on the contrary, a hydroxide; 10 parts of urine are 
minimal quantity is found, there is boiled with 1 part of the reagent for 
much room for doubt. Where only a two minutes, when, if sugar is pres- 
trace of sugar is present, indeed, its ent, a blackish discoloration of the 
presence may be overlooked by the fluid makes its appearance. The 
physician ; for if it is tested for with oxide of bismuth possesses over that 
Fehling’s solution, and there happens of copper the advantage of not being 
to be a rather high percentage of reduced by uric acid, creatinin, etc.; 
creatinin in the urine, the latter sub- but it is essential that from the urine 
stance, by virtue of its basic nature, used all albumin and mucin have 
will keep in solution the small amount previously been removed, since a trace 
of oxide which should have precipi- of albuminous matter will blacken the 
tated. The proof of this as a possible fluid owing to the formation of bis- 
source of error may be had by adding muth sulphide. In case of doubt, the 
to the urine of a normal individual fermentation test should be tried, and 
eating freely of meat a small propor- especially the urine referred to a 
tion of glucose (about 2 Gm. to the chemist, who will determine whether 
liter) : It will be impossible to an osazone can be produced from it. 
recognize the presence of the latter Where no chemist is available, the 
with the copper test, whereas, if the physician should proceed as follows: 
same proportion of the sugar were In non-albuminous urine deprived of 
dissolved in pure water and tested the greater part of its uric acid by 
for, its presence and relative amount preliminary cooling (on ice) and by 
could be determined with absolute filtration, sugar may be considered 
correctness. present if the reduction of the cupro- 

A more common mistake, however, potassic fluid takes place in the cold 
is that of believing one finds glu- state, as the reducing substances only 
cose, when none is present: One not exert their action at the boiling point, 
infrequently meets with more or less Sugar itself, in the cold state, only 
obese arthritics who present the ap- causes a reduction, at the end of 
pearances of diabetes excepting that several hours. 

the amount of urine voided is small. If one does not wish to wait, re- 
If they are heavy eaters, as is often course may be had to the tollowing 
the case, their urine will contain a large process, which is a modification of 
amount of uric acid and other reduc- that proposed by Worm-Mueller to 
mg substances, so that an inexperi- determine whether the reduction* by 
enced examiner will readily believe heat is partially due to a small quan- 

tesjijto titY of^sugar: The exact quantity of 

" o decolorize 1 c,c. of 
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Fehling's solution must first be deter- 
mined; then a portion of the same 
urine is fermented. This having been 
accomplished, it must then be ascer- 
tained whether a greater number of 
cubic centimeters will be required to 
decolorize the same quantity of 
Fehling's solution. 

Plainly, if a larger quantity is re- 
quired, a portion of the reducing 
power must have been due to the 
presence of a certain amount of sugar. 
This method is accurate, and its only 
drawback is that it is not likely to be 
within the reach of the ordinary 
practitioner, owing to the precision 
required in the determinations. 

As pointed out by Lintz, the suj?ar test 
may fail unless a 24-hour sample is taken. 
The turbidity of diabetic urine is of prac- 
tical importance, as it is due to the growth 
of yeast cells which may cause, by fermen- 
tation, complete disappearance of glucose 
if the examination is not made sufficiently 
promptly. Many substances other than 
glucose will reduce the various copper 
solutions, among the most frequent being 
conjugated glycuronic acid, alkaplon (ho- 
mogentisic acid), creatinin, uric acid in ex- 
cess, blood, and lactose. Occasionally, the 
urine of menstruating women will reduce 
the copper solution, apparently because of 
blood in the urine. Blocking of the secre- 
tion of the mammary glands may also pro- 
duce lactose in the urine, the fermentation 
test revealing the difference. It is easy to 
eliminate the reducing substances by the 
Fehling test provided it is properly done, 
i.e., after boiling the solution and adding 
the urine drop by drop. Reboiling is not 
necessary; warming will do. If the reduc- 
tion is rapid, one may be pretty certain of 
the presence of glucose; if it is slow and 
the precipitate yellow, instead of red, the 
fermentation test will remove the doubt. 

The following simpler and clin- 
ically available method is quite re- 
liable: About 4 c.c. of Fehling's solu- 
tion are placed in a tube and heated 
to the boiling point; 'then 1 to 2 c.c. 


of urine, free of albumin, are made to 
flow along the side of the inclined 
tube. [To free urine of albumin, 
dilute acetic acid is added, the urine 
boiled, and the resulting precipitate 
filtered off.] It is well first to heat 
the urine slightly; or, the inclined 
tube may be held above a flame for 
a few moments in order to raise the 
temperature sufficiently at the plane 
of contact of the two liquids. After 
a few moments, if sugar is present, 
a green ring will be seen to form, 
which will then rapidly change to 
yellow, and afterward to red, the lat- 
ter contrasting decidedly with the 
blue color of the subjacent liquid. If 
a red ring is obtained, it is of great 
value, for the other reducing sub- 
stances only produce hydrate of cop- 
per, which is yellow in color. 

Jastrowitz has advised the examination 
of the precipitate of oxide of copper under 
the microscope. It is a fact that none of 
the reducing substances, uric acid, creatinin, 
nor the compounds of glycuronic acid, etc., 
produces a crystalline precipitate. Accord- 
ing to Jastrowitz, the copper oxide crystals 
are tetrahedral and octahedral. These are 
actually the forms obtained when a watery 
solution of glucose is made to react upon 
Fehling’s solution, but small spheres may 
also be produced with urine containing a 
slight amount of sugar. Thus, when, un- 
der the microscope, these spheres predomi- 
nate, provided they are accompanied by 
tetrahedral and octahedral crystals, it may 
be affirmed that sugar is present in the 
urine. 

It is possible partially to get rid of 
the reducing substances by means of 
a process described a long time ago 
by Seegen, and which is to be recom- 
mended on account of its simplicity: 
The urine is filtered through animal 
charcoal as many times as is neces-r 
sary to decolorize it; the charcoal is 
then washed in distilled water, and the 



42 


DIABETES MELLITUS (LtPlNE). 


two filtered liquids — the urine and 
distilled water— treated separately 
with Fehling’s solution. 

The purpose is as follows: — 

The charcoal retains not only the 
coloring matter and the uric acid, but 
likewise certain substances, as yet not 
well known, which prevent the pre- 
cipitation of the oxide of copper. 
Therefore, one is better able to in- 
vestigate for the sugar with the 
filtered water than with the urine. 
Furthermore, the charcoal has re- 
tained a large portion of the sugar 
contained in the urine, and gives off 
into the distilled water a larger por- 
tion of the sugar than of the other 
substances which it had retained. 
Consequently the reduction of Feh- 
ling’s solution is much more easily 
effected by this water than by the 
urine. 

Fehling’s solution, provided one 
knows how to use it, is ca[)able — all 
statements to the contrary notwith- 
standing — of alone determining the 
presence of sugar. 

The reducing action of glucose 
upon the oxide of bismuth in the 
presence of an alkali has also been 
resorted to for a long time. This re- 
action, called that of Bottger, which 
is described in all the treatises on 
urology, is far from being valueless, 
especially when employed with the 
modification indicated by Nylander 
(see p. 40). 

Leaving aside several other tests 
which have not come into general 
use because they are not sufficiently 
accurate, I pass on to the phenyl- 
hydtRzin test, described by Fischer. 
This test is based upon the property, 
peculiar to phenylhydrazin, of form- 
ing when in combination with glu- 
cose a crystalline substance of a 


bright-yellow color. Von Jaksch per- 
forms this reaction as follows : 10 c.c. 
of the urine are poured into a tube, 3 
pinches of crystalline sodium acetate 
added, and also 2 pinches of phenyl- 
hydrazin hydrochloride. The mix- 
ture is placed for a time in a boiling 
water-bath. After it has cooled, a 
yellow, crystalline deposit is formed, 
which, under the microscope, appears 
to be composed of fine needles, some 
isolated, others in agglomerations, 
and some assuming star formations. 

It has been said that this reaction 
is not absolutely characteristic, and 
that glycuronic acid will also cause 
needle formations; but Hirschl ascer- 
tained that upon leaving the tube 
one hour in the water bath the 
glycuronic compounds do not give 
rise to a crystalline precipitate, and 
Binet, who made a very complete 
study of this important reaction, con- 
siders it as absolutely reliable with 
the following slight modifications: 
10 c.c. of the urine to be examined, 
freed of albumin, are cleared with a 
few drops of lead acetate solution. 
The liquid is then filtered, and a few 
drops of acetic acid, 3 pinches of 
sodium acetate, and 2 of phenylhy- 
drazin hydrochloride are added. The 
whole is left in the water bath for one 
hour. The tube is then allowed to 
cool, and on the following day the 
urine is examined with a strong mag- 
nifying glass. Under these condi- 
tions no balls or granular masses are 
found, but yellow or silvery crystals, 
characteristic of phenylglucosasone. 
According to Binet, 1 ; 2000 of sugar 
is thus distinguishable. 

I do not believe that the fermenta- 
tion test is superior to the phenyl- 
hydrazin test as regards sensitive- 
ness. Brewer’s yeast alone, and like- 
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wise the urine itself, when left undis- 
turbed, gives rise to gas-bubbles. 
Thus, in order to arrive at certainty 
as to the presence of the sugar, a con- 
trol test must be made. Two similar 
test-tubes are prepared, the suspected 
urine is placed in one and normal 
urine in the other, an equal quantity 
of yeast is added to each, and they 
arcv left under like conditions for 
twenty-four hours. 

The fermentation-specific gravity method 

gives results as a (puwtitative test, accord- 
ing to Christian. All that is required is to 
take the specific gravity of the urine at 
room temperature, add a small bit of com- 
mercial yeast, and put in a warm place, 
such as an incubator at 37° C., a heated 
room, near a stove or radiator, etc. Active 
fermentation soon begins, as evinced by 
bubbles and currents in the urine. When 
fermentation is finished, the specimen par- 
tially clears and the evolution of gas cea.ses. 
A negative test with Fehling’s or Nylaiider’s 
solution proves the end of the process — 12 
to 18 hours usually sufficing. The .speci- 
men is now allowed to return to the room 
temperature of the previous specific gravity 
determination, and the specific gravity re- 
determined. The difference between these 
two readings, multiplied by 0.23, gives the 
percentage of fermentable substance ex- 
pressed in terms of glucose. 

The Benedict test has come into in- 
creasingly wide use, being about ten 
times more sensitive than the other 
copper solutions and avoiding various 
fallacies of Fehling’s test; the solu- 
tion used is not appreciably reduced 
by uric acid, creatinin, or such pre- 
servatives as chloral hydrate, chloro- 
form, and formaldehyde. The test is 
also advantageous in comparison to 
Fehling’s in requiring but one solu- 
tion, which, moreover, keeps indefi- 
nitely in uncolored and cork-stop- 
pered bottles. 

Benedict’s solution is made up as 
follows : — 


Copper sulphate (pure crys- 
tallized) 17.3 Gm. 

Sodium or potassium ci- 
trate 173.0 Gm. 

Sodium carbonate (crys- 
tallized) 200.0 Gm. 

Distilled water ad 1000.0 c.c. 

The carbonate and citrate are dissolved 
in about 700 c.c. of water with the aid of 
heat, and filtered, if necessary. The copper 
salt is dissolved in about 100 c.c. of water 
and poured slowly and with constant stir- 
ring into the first solution. As the last step 
in the preparation, the mixture is cooled 
and diluted to 1 liter. 

For use, 5 c.c. of the Benedict re- 
agent is placed in a test-tube and 8 
drops of the urine added. Heat to 
boiling for three minutes and allow 
to cool spontaneously. If glucose is 
present the entire body of the solu- 
tion is filled with a precipitate, which 
may be red, yellow or greenish in 
tinge, according to whether the 
amount of sugar is considerable or 
small. If the amount is small the 
precipitate forms only on cooling. If 
no sugar is present the solution re- 
mains clear or shows a faint blue 
turbidity. 

A quantitative dextrose determination can 
be made with Benedict’s reagent as fol- 
lows: In a porcelain dish place exactly 25 
c.c. of the reagent, add 5 to 8 Gm. of anhy- 
drous sodium carbonate and a little pow- 
dered pumice stone, boil vigorously for a 
short time, and then run in from a burette 
the urine to be tested — previously diluted 
1:10, unless the dextrose content is known 
to be low. The blue color of the solution 
diminishes and a white precipitate is formed, 
whereupon the urine is run in more slowly, 
the reagent being meanwhile kept boiling, 
until all of the blue color has disappeared. 
The amount of urine consumed is read off, 
and a calculation of the dextrose content 
made (with allowance for whether the 
urine was diluted or not) on the basis of 
the fact that the 25 c.c. of Benedict’s re- 
agent is decolorized by exactly 0.0,5 Gm. of 
dextrose. 
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2. Is the Sugar in the Urine a 
Manifestation of Diabetes? The 

known presence of a sugar in the 
urine does not alone warrant the dia- 
gnosis of diabetes, for the sugar pres- 
ent may not be dextrose (glucose). 

Lactosuria. — The sugar-containing 
urine of a woman in whom lactation 
has just been suddenly brought to a 
close, and which conscciuently con- 
tains lactose, might be mistaken for a 
diabetic urine; but the attendant 
clinical circumstances generally suf- 
fice to prevent such an error. Lac- 
tose is also distinguished by its fail- 
ure to ferment with yeast. 

Altmcniary Pentosuria. — I have had 
occasion to examine a specimen of 
urine which, judging from its reduc- 
ing power, appeared to contain sev- 
eral grams of glucose ; but it had no 
rotatory power. I'he urine was that 
of a healthy individual who had par- 
taken a few hours before of a large 
dish of white onions. Its reducing 
power was due to a pentose (inactive 
arabinose). 

Constitutional Pentosuria. — Pentos- 
uria is not invariably of alimentary 
origin. A few cases of idiopathic pen- 
tosuria have been reported. This is a 
metabolic disturbance which is quite dis- 
tinct from diabetes, in general not 
serious, but sometimes associated 
with nervous phenomena. It is din 
ically necessary to distinguish it from 
diabetes, since the customary anti- 
diabetic diet is injurious to these pa- 
tients. In a few instances, however, 
pentosuria occurs in severe cases of 
true diabetes, the failure to burn 
sugar having extended to include pen- 
tose. 

Pentose is distinguished by the 
fact that it fails to reduce Fehling’s 
solution promptly, a greenish yellow 


or muddy orange color appearing 
abruptly after some delay. It also 
fails to ferment with yeast, is optically 
inactive, and shows special absorp- 
tion bands with the spectroscope. 

Levulosuria. — The polariscope per- 
mits of the recognition, when the 
occasion presents, of levulosuric dia- 
betes. This variety is extremely rare. 

Non-diabetic Glycosurias. — The well 
authenticated presence of glucose in 
the urine is not sufficient to warrant 
the assertion that diabetes exists, for 
various toxic effects or nervous in- 
fluences, etc., are capable of giving 
rise to a temporary glycosuria. 
Where, however, the proportion of 
glucose exceeds 1 per cent., the con- 
dition present is very likely to be 
diabetes. 

The condition known as renal glyco- 
suria (“renal diabetes,” diabetes in- 
nocens, renal glycuresis), is charac- 
terized by more or less regular per- 
vsistence of the glycosuria in spite of 
fasting, a normal or low blood' sugar 
irrespective of the carbohydrate con- 
tent of the diet, and the absence of 
the usual symptoms of diabetes. The 
blood sugar curve (glucose tolerance 
test) is particularly useful for the 
accurate diagnosis of this form of 
glycosuria ; after a dose of 100 grams 
of glucose by the mouth, the blood 
sugar should not rise above normal 
levels and should return to the fast- 
ing level within two hours. The 
glycosuria in these cases may range 
from a trace to as high as 5 per cent. 
The condition is ascribed to increased 
permeability of the kidney cells 
(lowered renal threshold). 

For further data on the renal and 
other forms of glycosuria, the reader 
is referred to the article on Glycos- 
uria, Volume V. 
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Diagnosis by Examination of the 
Blood. — As the reader will have 
gathered from preceding sections, the 
presence of glycosuria does not of 
itself prove that diabetes exists. 
Glycosuria may be due to a low renal 
threshold for dextrose; H. J. John 
has observed glycosuria in non-dia- 
betics with the blood sugar ranging 
as low as 0.04 per cent. (40 mgm. per 
100 c.c. of blood). On the other hand, 
in diabetics, glycosuria has been 
known to be absent with blood sugars 
ranging from 0.12 up to 0.35 per cent. 
— the renal threshold being often 
raised in severe diabetes. In a per- 
son with somewhat low renal thresh- 
old, glycosuria may follow every 
heavy carbohydrate meal, without 
such glycosuria signifying the exis- 
tence of diabetes. The renal threshold 
may vary at different times in a 
given individual. In diabetic coma 
there may be a high glycemia and a 
low glycosuria. 

In view of these considerations, 
and since a mistaken diagnosis is 
fraught with unusual risk or unneces- 
sary misery for the patient, blood 
sugar tests have assumed great im- 
portance in the diagnosis. Such 
tests, furthermore, constitute a dis- 
tinct advance over uranalysis for the 
recognition of early or borderline 
cases, and have raised the possibili- 
ties of early diagnosis of diabetes to a 
level attained in but few other dis- 
orders. The aim should, indeed, be 
to detect diabetes previous to the 
appearance of clinical symptoms, 
while the possibilities of efficient 
treatment or actual cure are at their 
greatest. Blood sugar studies also 
prove of great value for the proper 
regulation of treatment in diabetes 
mellitus. 


The Epstein modification of the Lewis 
and Benedict method affords a relatively 
simple procedure whereby 0.1 or 0.2 c.c. of 
blood suffices for a clinically adequate de- 
termination of the blood sugar. An appar- 
atus similar to the Sahli hemoglobinometer 
is used. In a test-tube marked at 1 c.c. and 
2.5 c.c. are placed 1 or 2 drops of 2 per 
cent, sodium fluoride or potassium oxalate 
solution, followed by exactly 0.2 c.c! of 
blood from the finger or ear lobe, and dis- 
tilled water up to 1 c.c. Taking having oc- 
curred, a saturated solution of picric acid 
is added, a few drops at a time, with shak- 
ing, up to the 2.5 c.c. mark. After vigor- 
ous shaking the mixture is filtered or cen- 
trifugated; 1 c.c. of the clear fluid is with- 
drawn into an ordinary test-tube and care- 
fully boiled until but 2 or 3 drops of it re- 
main. One-half c.c. of 10 per cent, sodium 
carbonate is then added and the solution 
again boiled down to 2 or 3 drops. Finally, 
3 or 4 drops of distilled water are added, 
the tube gently warmed, its contents placed 
in the graduated hemoglobinometer tube, 
and water added up to the 50 mark. Com- 
parison is made of the resulting color with 
that of one of 2 standard color tubes (ac- 
cording to the depth of color of the speci- 
men), water being added until the specimen 
matches the standard. 3'he reading thus 
obtained, divided by 1000 or by 500 (ac- 
cording to the standard used), yields the 
percentage of sugar in the patient’s blood. 
Where the sugar content is known before- 
hand to be high, 0.1 c.c. instead of 0.2 c.c. 
of blood is used. 

Bang’s method is still simpler, though 
less precise in its results, than the preced- 
ing method. It requires 2 or 3 drops of 
blood, taken from the lobe of the ear on 
a piece of blotting paper 16 by 28 mm. 
The bit of paper is held with forceps, and 
is not allowed to soak up too much blood. 
It is then placed in a test-tube. A second 
test-tube holding 5 c.c. of a mixture of 136 
c.c. of saturated solution of potassium 
chloride, 64 c.c. of water, and 0.15 c.c. of 
a 25 per cent, solution of hydrochloric acid, 
is heated, and when it boils is poured care- 
fully over the blood-paper. When entirely 
cool — not until after yj hour — the fluid is 
poured into a third test-tube, and to it are 
added 5 drops of the Fehling II reagent 
and 2 drops of Fehling I. lit is then 
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boiled for Yz minute and watched for 2 
minutes. If no oxide precipitates out in 2 
minutes, the proportion of sugar in the 
blood is below 0.15 per cent., i.e., is within 
practically normal range. The amount of 
oxide thrown down is an index of the 
sugar in the blood. 

Following simple procedure de- 
scribed, intended for the use of the 
* general practitioner, for detecting a 
decided increase of blood sugar: (1) 
Wash out a test-tube 34 hich in diam- 
eter and allow 1 drop of water to re- 
main in it. (2) Place 20 cu. mm. of 
the patient’s blood, obtained with a 
capillary tube (such as the tube of 
Gower’s hcmoglobinometer) from the 
pricked finger, in the tube and mix it 


can thus be demonstrated. In pan- 
creatic diabetes the sugar content was 
found higher in the blister fluid than 
in the blood, while the converse was 
true in mild, temporary glycosuria. 
Gansslen (Miinch. med. Woch., Aug. 
3, 1923). 

A fasting blood-sugar estimation 
alone is not of diagnostic value, but a 
3-hour post-prandial estimation gives 
important results. The patient is in- 
structed to eat a heavy carbohydrate 
meal and present himself at the office 
exactly 3 hours later. If he is normal, 
there will be no hyperglycemia, 
whereas if after the 3 hours the blood 
sugar is above normal, he is definitely 
a diabetic, whether or not there be 



Chart showing curve of blood-sugar after meals in a diabetic. (H. J. John, in Amer, Jour, Med, Sci^ 


with the drop of water. (3) Add 1 
c.c. of 1 ; 6000 aqueous solution of 
methylene blue. (4) Add 40 cu. mm. 
of liquor potas.sae (B. P.). (5) Mix by 
placing finger-tip over tube and slowly 
inverting tube 6 or 8 times. (6) Place 
tube in a boiling water bath for 4 
minutes, keeping tube quite still. If 
the fluid in tube has lost its blue color, 
becoming bromtish yellozv, the blood 
sugar is decidedly increased. A con- 
trol test with normal blood may be 
run at the same time. R. T. William- 
son (Pract., Sept., 1921). 

Blister test for the study of sugar 
accumulation in the tissues: A vesi- 
cant plaster measuring 2 by 3 centi- 
meters is placed at night on the outer 
aspect of the leg or arm, and the fluid 
withdrawn the next day and tested for 
sugar. Passage of sugar into the tis- 
sues after intravenous injection of it 


sugar in the urine. H. J. John (Amer. 

Jour. Med. Sci., Jan., 1925). 

The Glucose Tolerance Test. — ^This 
procedure is regarded as affording 
more dependable evidence of diabetes 
than isolated blood sugar determina- 
tions. It will even disclose whether 
an individual may or may not be apt 
to develop diabetes, and thus has 
actual prophylactic value. It elimi- 
nates erroneous conclusions from in- 
correctly performed single blood sugar 
determinations, and will prevent dis- 
missal as non-diabetic of cases iff 
which the fasting blood sugar has aK 
ready been reduced to normal and the 
glycosuria dispelled by treatment 
elsewhere. 
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In carrying out the test as em- 
ployed by H. J. John, a blood speci- 
men is first taken in the morning 
before food, 100 Gm. of anhydrous 
glucose then given in 250 to 350 c.c. 
of water with the added juice of 1 or 
2 lemons, ice cold to lessen nausea, 
and further blood specimens then 
taken at intervals of 3^, 1, 2, 3, and 4 
hours. The greatest diagnostic im- 
portance is attached to the time 
required for the blood sugar to re- 
turn to normal after the rise induced 
by the ingestion of glucose. If this 
fails to occur within 3 hours, the in- 
dividual is diabetic. 

In normal subjects, according to 
Jacobson, the blood sugar averages 
0.14 per cent, at the hour period, 
0.12 after 1 hour, 0.11 after 2 hours, 
and 0.09 after 3 hours. 

In diabetes the curve is higher, 
usually reaching at least 0.17 or more 
(up to 0.60), and, in particular, re- 
mains elevated for a longer time. It 
should be noted, however, that in 
mild diabetes — that for the detection 
of which the glucose tolerance test 
possesses special value — the fasting 
blood sugar is generally within the 
normal range. 

In the normal blood sugar curve 
the fasting level must be between 
0.08 and 0.12 per cent.; the curve 
must not rise above 0.2 per cent., and 
must return to normal within or 
2 hours in the young or 2 or 3 hours 
in the aged. It is unaccompanied by 
glycosuria. While one or two single 
blood sugar estimations, e.g., 3 hours 
after a meal, sometimes suffice to es- 
tablish or exclude diabetes, in mild 
diabetes the fasting level may be quite 
normal or raised to only 0.13 or 0.14 
per cent., and after food one may find 
only 0.19 per cent. — figures not of 
definite significance. In doubtful cases 
a glucose tolerance test with 50 Gm. 


of glucose is required; but otherwise, 
it should never be performed. If the 
fasting level has been found to be 
0.15 per cent, or the blood sugar after 
food above 0.22, the fact that the 
blood sugar rises to 0.3 or 0.4 after 
50 Gm. of glucose yields no further 
valuable information. Such an amount 
of glucose has a harmful effect, per- 
haps permanent, in further damaging 
the patient’s pancreas and a bad psy- 
chologic effect in leading him to think 
that sugar cannot be so very bad for 
him. 

The diet before a glucose tolerance 
test should be a full normal diet be- 
cause (1) if a mild or potential dia- 
betic has had little carbohydrate for 
a day or two, the body stores of glu- 
cose and glycogen have become de- 
pleted and the test may show very 
little abnormality; (2) starvation or 
severe carbohydrate restriction may 
make the curve approximate the dia- 
betic type in a pcifectly normal indi- 
vidual and even produce acetone 
bodies before the test. R. D. Lawrence 
(Practitioner, Feb., 1927). 

PROGNOSIS. — Uncomplicated dia- 
betes is a disease which, all else being 
equal, shortens life, but which, ration- 
ally treated, does not implicate an 
early fatal termination, and can at 
times even be recovered from. I 
have had under observation for sev- 
eral years diabetics who might pass 
as having been cured. 

Out of a series of 1187 cases of dia- 
betes the writers were able to trace 
1156. Of these, 640 were living and 
516 dead. Among them, 62, or 5 per 
cent., lived 15 or more years, and of 
these 37 were living and 25 dead. 
Obesity, which is universal in the 
long-lived diabetic, existed in 60 of 
the 62 cases. The average loss of 
weight when the patient first came 
for treatment was 41 pounds. Acido- 
sis was demonstrated 21 times, and 
in 11, or 44 per cent., of the fatal 
cases the patients succumbed to it. 
Arteriosclerosis occurred ini 36 case$ 
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and was a prominent factor in caus- 
ing the death of 10 patients. Dia- 
betes had become a minor issue in 50 
per cent, of the living patients, and at 
the time of death was a minor issue 
in 28 per cent, of those who died. 
An extremely rigid diet was neces- 
sary for only 4 of the patients still 
living. Of the fatal cases, 20 per cent, 
outlived the normal expectation of 
life for their age at the onset of their 
diabetes, and this was true of 10 per 
cent, of the living cases. Dietetic 
treatment was carried out to a con- 
siderable degree by 57 of the 62 pa- 
tients, Of the remaining 5, 3 were 
among the dead. Hornor and Josliii 
(Amer. Jour. Med. Sci., Jan., 1918). 

Many diabetics have rather good 
chances of prolonged survival, pro- 
vided they will consent to have them- 
selves treated. In stout, elderly pa- 
tients in particular, survival for 10 or 
more years may be witnessed. Lack 
of enlightened treatment, however, 
except in a few cases of transitory 
traumatic diabetes, inevitably results 
in aggravation of the disease. 

Blood fat analyses arc a material 
aid in the diagnosis and especially in 
the prognosis. Most long-lived dia- 
betics show blood fats below 1 Gm. 
per 100 c.c. By blood fats the writer 
mfeans those sub.stances determined by 
Bloor’s method for so-called “total fat,” 
vh., fatty acids plus total cholesterol 
but not lecithin. Among 1062 blood 
samples from 588 patients, the blood 
fats exceeded the normal maximum 
(0.67 Gm. per 100 c.c.) in 78 per cent., 
as against abnormal blood sugar 
(above 0.11 Gm. per 100 c.c.) in only 
72 per cent. In treated cases the 
blood fat seems, for diagnosis, to be 
somewhat superior to the blood sugar, 
showing greater stability. As regards 
prognosis, the blood fats were found 
related to the periods of survival as 
follows: 0.79 Gm., 4 years or more; 
0.93 Gm., 2 to 4 years; 1.03 Gm., 
to 2 years; 1.15 Gm., 6 months or less. 
Severe diabetics develop high blood 


fats simultaneously with emaciation, 
while under treatment a progressive 
fall of blood fat occurs, even when 
such treatment is based on the high 
fat diet. When the fat exceeded 2 
Gm., the patient lived less than 2 
years in 86 per cent, of cases. H. 
Gray (Amer. Jour. Med. Sci., July, 
1924). 

The prognosis of diabetes differs 
greatly according to the case, the 
pathogenic factors, the age of the 
patient, his submissiveness to the 
regulations imposed by the physician, 
etc. 

The relatively great severity of 
diabetes in the young cannot be too 
strongly emphasized. Recovery from 
diabetes in the child is rare. The use 
of insulin, however, has greatly re- 
duced the fatalities from coma in 
these cases. The prognosis seems to 
be somewhat more unfavorable in 
women than in men. 

There exi.st.s a mild type of dia- 
betes in childhood and adolescence. 
It tends to occur in several members 
of the same family. The glycosuria 
is usually moderate, although nerv- 
ous excitement and other disturbing 
factors may augment it. The disease 
is not progressive and may remain 
stationary or end in apparent recov- 
ery. Riesman (Amer. Jour. Med. Sci., 
Jan., 1916). 

The severity of the disease may be 
judged from the behavior of the 
glycosuria on a diet free of carbo- 
hydrates. If it disappears, the dis- 
ease belongs to a milder category 
than if glycosuria persists, the latter 
condition indicating that the proteins 
of the body are being utilized as a 
source of sugar. 

Among 425 (pre-insulin) fatal cases, ac- 
cording to Joslin, the actual causes of death 
were: 16 of cancer; 16 of pulmonary tuber- 
culosis ; 62 of cardiorenal and vascular 
changes, uncomplicated by coma; 36 of in- 
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lections, pneumonia heading the list; 9 of 
septic and gangrenous legs; 4 of carbuncles; 
2 of acute fulminating appendicitis. Coma 
was fatal to 273 cases (64.24 per cent.). 

Out of 26 autopsied cases of dia- 
betes, of which 17 had received in- 
sulin, only 4 died of diabetic coma; 
1 of these 4 had not received insulin. 
Other causes of death were: Gangrene 
and septicemia, 3; septicemia, 2; peri- 
nephric or other abscesses, 4; pneu- 
monia (1 * with coma), 2; appendici- 
tis, 2; cardiac conditions, 4; cancer of 
pancreas, 1; duodenal ulcer, 1; chronic 
nephritis, 1 ; phthisis, 1, and inanition, 
1. Three of the deaths from coma arc 
regarded as having been preventable, 
and most of the deaths from septic 
states could probably have been pre- 
vented by proper treatment of minor 
traumata and furuncles. 

The vast majority of cases of diabetes 
are mild or become so in the course of 
time. The rarity of death from uncom- 
plicated diabetes in cases of long dura- 
tion is consistent with the conception of 
regeneration of the islands of Langer- 
hans. The first 2 years of the disease 
constitute the danger zone, during which 
special effort should be made to pro- 
tect the patient against coma. H. F. 
Root and S. Warren (Boston Med. and 
Surg. Jour., Jan. 14, 1926). 

To the question, Can diabetics be 
allowed to marry ? I believe it is 
proper, in general, rather to give a 
negative answer. If the patient is a 
young girl, pregnancy cannot be favor- 
able to her, and, as for the product of 
conception, the chances of its viability 
are rather poor (in adult diabetic 
women, however, pregnancy is more 
often carried to its normal conclu- 
sion). If the patient is a young man, 
the conditions in regard to marriage 
are not much better, in view of the 
serious character of diabetes in young 
subjects. In the case of a middle- 
aged man, with diabetes of mild 
degree, marriage is, to be sure, pos- 
sible; but the virility of a diabetic 


cannot be counted on to any great 
extent. 

TREATMENT. — Before beginning 
the treatment of diabetes, the patient 
should be given as complete an exam- 
ination as possible, in the course of 
which he should be closely questioned 
concerning his habits of life. It is 
often useful to control his statements 
by those of persons living with him, 
points being thus learned which 
would otherwise have escaped notice. 
An inquiry into the present condition 
is then made, as well as into the 
antecedents and past medical history. 
The urine examination, next carried 
out, yields knowledge of the specific 
gravity and acidity of the urine, of 
its content of sugar and urea, and of 
the presence or absence of ketone 
bodies and albuminuria. In the 
event that it contains no or very 
little albumin, that it docs not give a 
positive Gcrhardt test, that the patient 
does not present any organic lesions 
(tuberculosis, etc.), and that there 
are no metabolic disturbances other 
than the diabetes — in other words, 
that the diabetes is uncomplicated, 
whatever be the percentage of pgar 
present — the treatment will be a 
simpler one than in the contrary event. 

In such a case there exists, indeed, 
no fundamental indication other than 
to reduce the hyperglycemia. 

DIET. — Since in all diabetics the 
power of assimilating sugar is more 
or less diminished, the first desider- 
atum is to limit the ingestion of carbo- 
hydrate food. The rule is to forbid it 
as far as is necessary, and to advise a 
diet of meat, fish, eggs, and green 
vegetables, particularly those which 
contain but little starch. 

Where the patient’s weight is above 
normal, marked improvement or even 
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recovery from the dial^etcs can be 
secured by a reduction cure. If the 
body weight is much below the nor- 
mal, a more difficult situation may be 
presented, especially if the glycosuria 
is considerable and the patient does 
not bear fats well. In such cases, 
however, insulin is availa])le for its 
well-known action in restoring sugar 
metabolism, and the patient can be 
made to gain weight. 

In all cases the carbohydrates 
should be reduced, hiii ttndcr no cir- 
cumstances should they be completely 
prohibited: a certain daily amount, 
which generally exceeds 80 Gm., is 
necessary. Otherwise, the patient 
will be exposed to acidosis. 

A simple rule which I have fol- 
lowed is that if the urea excreted does 
not exceed 0.4 Gm. per kilogram of 
body weight, the amount of meat 
need not be reduced ; otherwise, I re- 
duce it gradually, meanwhile increas- 
ing the fats, — a procedure which does 
no harm so long as fats are well 
digested and do not cause ketonuria. 
(The figure just mentioned is, of 
course, an arbitrary, empiric one.) 

In^the mildest cases of diabetes com- 
plete or almost complete exclusion of 
foods yielding much glucose, such as 
sugar, pastry and bread, together with 
reduction of fats, will result in cessa- 
tion of the glycosuria, whereupon 
carbohydrates can be restored to a 
total of between 100 to 200 Gm. a day 
without return of glycosuria. Simi- 
lar effects may result from a simple 
reduction of the total intake of food. 
Such treatment, provided it is per- 
sistently continued, sometimes suffices 
in the obese, middle-aged diabetics 
or in mild familial cases. In the more 
severe classes of cases, however, 
these measures are inadequate. 


Reduction of the carbohydrates 
exerts the advantageous effects not 
only of lowering the amount of sugar 
in the body fluids, but also of pro- 
moting subsequently a higher degree 
of tolerance for these substances, the 
relative degree of functional rest 
allowing recovery on the part of the 
organism of a part of its glycolytic 
activity. 

It must be borne in mind, however, 
that 58 per cent, of the protein in- 
gested and 10 per cent, of the fat can 
be converted in the body into glucose ; 
consequently, too extensive a substi- 
tution of proteins for carbohydrates 
is not altogether advantageous. 

The initial step in the formulation 
of a diet for a given case is to de- 
termine how many calories the pa- 
tient requires. The simplest estimate 
for practical pur])()vscs is 25 calories 
per kilogram (2.2 pounds) of body 
weight (ideal weight for the height, 
age, and sex) for a patient at rest. For 
more accurate work, especially in 
adolescents, the actual weight, as 
well as the height, age, and sex, are 
taken into account, and the basal 
caloric needs calculated by the DuBois 
or Harris and Benedict formulas (see 
Basal Metabolism, Vol. II). Thus, 
the surface area having been cal- 
culated by the DuBois formula from 
the patient’s weight and height, the 
product is multiplied by the caloric 
requirement per unit of surface ac- 
cording to the age and sex, as given 
in the table entitled “Aub-DuBois 
Standards” (under Basal Metabolism). 

Other points to be taken into con- 
sideration are that carbohydrates and 
proteins each yield 4 calories per 
gram, and fats, 9 calories; that the 
fats and proteins are ketogenic and 
the carbohydrates antiketogenic, and 
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that 1 gram of carbohydrate is re- 
quired by the body for the proper 
combustion of 1.5 grams of fats. 
Every gram of protein will yield 0.46 
gram of fatty acids; hence, the kcto- 
gcnic property of proteins can by no 
means be disregarded. Fats are cal- 
culated as 10 per cent, antiketogenic, 
since they yield this percentage of 
glucose. A fundamental requirement 
is protein, from 0.66 to 1 gram per 
kilo, of body Aveight. 

The caloric requirement of the pa- 
tient being known, Woodyatt's for- 
mulas are convenient for exact cal- 
culation of the grams per diem of pro- 
tein (P), carbohydrate (C), and fat 
(F) to be given. They involve first, 
however, the calculation of G (glu- 
cose) — the antiketogenic portion of 
the diet, composed of the total glu- 
cose derived from carbohydrate, pro- 
tein and fat. G is obtained simply by 
dividing the total caloric requirement 
(with 10 per cent, added for energy 
used up in digesting food) by 17. 
Then 

2 X weight in kilos. 

^ 3 ’ 

r ™ L. 

10 2 ’ 

P 

F = 2C+-. 

Where, as is usually the case, the 
glycosuria disappears under this diet, 
slight additions, such as 5 grams of 
carbohydrate and 10 of fat may be 
made at intervals of two or three 
days, if the patient becomes physically 
more active. In ambulant cases the 
diet may thus be raised until it 
affords 1 gram each of protein and 
carbohydrate and 2.5 grams of fat per 
kilo, of weight, or even a higher 
caloric yield if needed — provided no 
glycosuria appears. If glycosuria 


appears with the patient* not receiv- 
ing enough calories to support him in 
his daily work, insulin may be em- 
ployed in sufficient dosage to permit 
of his taking the added amount of 
caloric values required. 

For the formulation of the diabetic 
diet, after the number of calories of 
each of the three principal classes of 
foodstuffs has been decided on, the 
subjoined table prepared by Joslin is 
of distinct utility, although especially 
intended for use in this observer’s 
own system of treatment (see p. 59) : — 

In the table (p. 52) the safest carbo- 
hydrate foods are those in the 5 per 
cent, division ; the 10 per cent, foods 
come next, and so on. Gluten breads 
(30 per cent.) and bread (60 per cent.) 
are not included, being of the highest 
order of danger. The right-hand 
section of the table shows the amount 
of carbohydrate, protein, and fat in 
30 Gm. (1 ounce) of the foods upon • 
which diabetic patients may live. 

For the mild cases in which both gly- 
cosuria and hyperglycemia can be elimin- 
ated by restriction of starches alone, 
Futcher regards as available the starch-free 
diet formulated by Mosenthal as follows: 

To BE Avoided. — Sugar in any form. 
Bread, biscuits and cakes. Toast, rice, 
crackers, oatmeal, and all other cereals. Sago, 
tapioca, macaroni, vermicelli, potatoes, car- 
rots, parsnips, beets, corn, beans, peas. All 
fruits, fresh, preserved, or dried. Jams and 
jellies (except as below). Pastry, puddings, 
and ice cream. Sauces and gravies thick- 
ened with flour. 

Articles Allowed. — Soups , — Clear meat 
broths, which may contain the vegetables 
mentioned below. 

Meats . — All kinds, fre.sh, smoked or cured, 
except liver; no flour or bread-crumbs to be 
used in preparation. 

Sea Foods,--i\\\ kinds of fish, but no 
oysters, scallops, or clams. 

Eggs,— In any form, but prepared without 
milk, flour, or sweetening. 
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FOODS ARRANGED APPROXIMATELY ACCORDING TO CONTENT OF 
CARBOHYDRATES (JOSLIN), 

Water, clear broths. colTcc. tea. cocoa shells, and cracked cocoa can be taken without allowance for food content. 


5/o 


Lettuce 
Cucumbers 
Spinach 
Asparagus 
Rhubarb 
ICndive 
Marrow 
Sorrel 
Sauerkraut 
Beet greens 
Dandelion 
greens 
Swiss chard 
Celery 
Mushrooms 


39 ^- 5 ?^ * 
Tomatoes 
Brussels 
sprouts 
Water cress 
Sea kale 
Okra 

('auHflowcr 
Egg plant 
Cabbage 
Radishes 
Leeks 

String beans 
canned 
Broccoli 
Artichokes 
canned 


1 Ripe olives {20^r fat) 

2 Grape fruit 

(Li 


1 gram protein 4 calorics. 

1 gram carbohydrate 4 calories. 

1 gram fat 9 calorics, 

6.25 gram protein contains 1 g. nitrogen. 


10% 

15% _ 

m * 


.String beans 

Green peas 

Pumpkin 

Artichokes 

Turnip 

l^arsnips 

Kohl-rabi 

l^ima beans 

Squash 

canned 

Beets 


Carrots 


Onions 


Green peas 


canned 


Watermelon 

Raspberries 

Strawberries 

Currants 

Lemons 

Apricots 

Cranlierrics 

Pears 

Peaches 

, .Apples 

Pint apple 

Huckleber- 

Blacklierric.s 

ries 

Gooseberries 

Blueberries 

Oranges 

('berries 


Plums 

Bananas 

I’runes 


1 kilogr.*un — 2.2 poitnd‘v. 

30 grams ( g. ) or cubic centime- 
ters (c.c.) Jounce. 

A patient “at rest” requires 
25 calorics per kilogram 


20 % 


205 ^ 

Potatoes 
Shell beans 
Baked beam 
Green corn 
Boiled rice 
Jioiled 
Macaroni 


30 grams or 1 oz. 

0 w 

a 

‘C 



« 2 

2 



Utj 

Ph 


Contain approximately 

G. 

G. 

G. 

Oatmeal, dry wgt. 

20 

5 

2 

Shredded Wheat 

23 

3 

0 

Cream, 40^ 

1 

1 

12 

Cream, 20> 

I 

1 

6 

Milk 

1.5 

1 

1 

Brazil nuts 

2 

5 

20 

Oysters, six 

4 

6 

1 

Meat, uncooked, lean. 

0 

6 

3 

Meat, cooked, lean 

0 

8 

5 

Chicken, cooked, lean. 

0 

8 

3 

Bacon 

0 

5 

15 

Cheese 

0 

8 

11 

Egg, one 

Vegetables, 5'’^ group. . 

0 

6 

6 

I 

0.5 

0 

V cgetables, JO'/ group. 

2 

0.5 

0 

Potato 

6 

1 

0 

Bread 

18 

3 

0 

Butter 

0 

0 

25 

Oil 

0 

0 

30 

Fish— cod, haddock, 
cooked 

0 

6 

0 

Broth 

0 

0.7 

0 

Fruit. JO"? 

3 

0 

0 


118 

104 

116 

62 

19 

208 

49 

51 

77 
59 

155 

131 

78 
6 

10 

28 

84 

225 

270 

24 

3 

12 


* Reckon average carbohydrate in 5^ veg. as 3^'; of 10?^ veg. as 6;^. 


Form J. 6. Thos. Groom & Co.. Inc., 
105 State St., Boston. 


rats. — Butter, oil, and lard. 

Cheese . — All kinds. 

Vciie fables. — Asparap^us, Brussels sprouts, 
cabbage, cauliflower, celery, cucumbers, egg- 
plant, endive, greens from beets, kohl-rabi, 
leeks, lettuce, pickles (sour or dill), pumpkin, 
radishes, rhubarb, sauerkraut, S(»rrel, spinach, 
string beans, Swiss chard, tomatoes, water- 
cress, wax beans. 

De.K.^crfs. — Gelatin, jellies (flavored only 
with sour white wine, brandy, or coffee). 

Beveraf/es. — Tea, ctiffee, and cocoa made 
from cracked cocoa (cocoa nibs), sweetened 
with saccharin (no sugar or milk) ; claret, 
burgundy, and whisky in moderation; car- 
bonated waters. 

Condiments. — Pepper, &alt, mustard, oil, 
vinegar, saccharin. 

As supplementary carbohydrate, Uneeda 
biscuits, each containing 5 Gm. of carbo- 
hydrates, may he used. The diet itself 
yields about 15 Gm. of carbohydrates a day, 
chiefly in the vegetables allowed. After 
starting with 80 to 100 Gm. of carbohy- 
drates a day, the biscuits are progressively 
diminished if necessary, until the urine 
remains sugar-free. 

With all systems of diabetic diet, 
the patient should be carefully taught 


the principles underlying the pre- 
scriptions im])osed, since there is 
otherwise a tendency, when symp- 
toms disappear, to disregard instruc- 
tions. The importance of continued 
diet in sparing the enfeebled pan- 
creatic function and possibly obtain- 
ing its partial restoration must be ex- 
plained. Where actual weighing of 
the foods forms part of the system 
inaugurated, scales showing weights 
up to 500 Gm. on a dial are conven- 
ient, while for travelling, simple col- 
lapsible food scales, likewise operat- 
ing ])y spring tension, may be availed 
of. Liquids, like the solid foods, can 
be measured by weight, since the 
specific gravity of the liquids ordi- 
narily used approximates that of water, 
and grams and cubic centimeters are 
therefore practically equivalent. 

The patients should also learn how 
to perform Benedict's qualitative test 
for glycosuria (see under Diagnosis), 
with which he should test his urine at 
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short intervals, preferably daily or on 
alternate days. Even the least trace 
of sugar is to be regarded by him as 
a danger signal, calling for consul- 
tation with the physician. 

Patients .should keep a record of 
the food taken each day, with the car- 
bohydrate, protein, and fat contained. 
Slow eating and thorough mastication 
should be enjoined, partly because 
the unusual amounts of vegetables 
taken may be insufficiently chewed 
and cause diarrhea. Foods of un- 
known composition should not be 
eaten. 

Starvation Treatment. — Guclpa, of Paris, 
in a paper entitled “Starvation and Purp^a- 
tion in the Relief of Disease,” read before 
the British Medical Association in Lon- 
don, July, 1910, advocated starvation as a 
method of rendering? diabetics sugar-free 
and of lessening their acidosis. J. H. 
Kellogg (N. y. Med. Jour., Mar. 25, 
1916) holds that to Guelpa belongs the 
credit for the discovery that a diabetic 
can abstain from food for several days 
without danger of increasing acidosis or 
bringing on coma, arid that during fast- 
ing the sugar output very rapidly de- 
creases as does also the acidosis. Within 
two years Kellogg and his colleagues 
treated 267 diabetics by Guelpa’s methods, 
with very gratifying results. 

On the basis of experiments in animals 
by F. M. Allen (Boston Med. and Surg. 
Jour., Feb. 18, 1915) which showed that 
persistent diabetes occurred in animals 
from which nearly all the pancreas — over 
%o — had been removed; and also that in 
an animal deprived of less pancreatic tis- 
sue — % perhaps — a diabetes occurred 
which could be stopped by a carbohy- 
drate-free diet, or checked early by star- 
vation, he concluded that diabetes was not 
a disease per se, but merely the result of 
deficient pancreatic activity, with a result- 
ing deficient assimilation of certain foods. 
If, therapeutically, a glycosuria in a par- 
tially depancreatized animal is arrested by 
fasting, and the animal is then placed on a 
diet that will support life without causing 
glycosuria, we have the basic principle of 


Allen’s method. The animal may be, and 
remain, thin under this treatment, but he 
is strong and lively. 

The method is, in brief, as follows: 
The patient, even though emaciated and 
showing sugar and acidosis, is put to bed 
and receives no food whatever, until gly- 
cosuria disappears, and then 24 to 48 hours 
longer. Plain fasting suffices, but, alcohol 
being a food which docs not cause gly- 
cosuria, from 50 to 250 c.c. (12j^ drams 
to 8 ounces) of whisky or brandy, sub- 
divided into 10- to 20- c.c. (2y> to 5 
drams) doses, are given in 24 hours. The 
acidosis then falls rapidly. If coma threat- 
ens, large amounts of water and sodium 
bicarbonate are used and continued a few 
days. 

When the fasting patient shows no sugar 
during 24 or 48 hours, feeding should be 
begun, but very slowly and cautiously. 
The one rcciuirement is that the patient 
remain free from both glycosuria and 
acidosis. Any trace of sugar is the signal 
for a fast day, with or without alcohol. 
The articles to be considered in the diet 
are carbohydrates, protein, fat, and bulk. 
Frequently the first thing given after the 
fast is carbohydrate: 200 Gni. of vegetables 
of the 5 and 6 per cent, classes, gradually 
increased day by day until a trace of gly- 
cosuria appears, which is checked by a 
fast day; thus one learns the carbohydrate 
tolerance and clears up the last trace of 
acidosis. After this protein is given, an 
egg or 2 the first day and nothing else. 
More protein — eggs or meat — is added day 
by day until the patient shows glycosuria 
or reaches a safe protein ration. The pur- 
pose is to learn the protein tolerance, and 
to cover protein loss as quickly^ as pOvS- 
sible. Fat is somewhat less urgently 
needed, except in very weak and emacia- 
ted patients, and can be added gradually, 
Ap element of bulk is necessary to give 
the comfortable feeling of fullness and to 
prevent constipation. This is provided 
by green vegetables, which may be fed 
raw or cooked. When even these cannot 
be tolerated, they may be boiled through 
3 waters, throwing away all the water, 
thus removing nearly all the starch; the 
patients generally take these thrice cooked 
vegetables gladly, without glycosuria. One 
result of this program is a loss of weight, 
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but this seems to be beneficial. In sub- 
sequent treatment, the patient is welcome 
to gain weight up to a certain point if he 
can do so without causing a return of 
glycosuria or acidosis. 

High Fat Diet. — Certain considerations 
underlying the successive tendencies in the 
dietetic treatment in late years may be 
summarized thus: A diet of protein and 
fat alone promotes acidosis. This difficulty 
is overcome by allowing a little carbohy- 
drate. But sugar is bad for the disor- 
ganized pancreas; hyperglycemia must be 
avoided at any cost (Allen). Furthermore, 
even the proteins are potential sources of 
sugar. The proteins could be cut down, 
but not beyond a certain point, for the 
body cannot thrive while losing protein. 
Fats and carbohydrates spare the body 
proteins. But since the carbohydrates can- 
not be properly dealt with, it would seem 
better to use the fats. Hence the view of 
Newburgh and Marsh, that the correct 
management of diabetes calls for a high- 
fat, low-protein and low-carbohydrate diet. 

In the Newburgh and Marsh method, 
the patient is first placed on a diet of about 
1000 calories, comprising 70 Gm. of fat, 
10 Gm. of protein, and 14 Gm. of carbohy- 
drate. When he has been sugar-free for 
one to two weeks, it is increased to about 
1400 calories, with 140 Gm. of fat, 28 Gm. 
of protein, and 15 to 20 Gm. of carbohy- 
drate. For small persons this is deemed 
sufficient for continuous use. In larger 
persons a second increase may be made to 
1800 calories, with 170 Gm. of fat, 30 to 
40 Gm. of protein, and 25 to 30 Gm. of car- 
bohydrate. Further additions may be made 
to suit individual cases. 

In 176 cases (reported in 1923) in which 
such a diet was employed, with the in- 
ta'ke sometimes increased to as much as 
220 Gm. of fat, 55 Gm. of protein, and 35 
Gm. of carbohydrate a day, not only did 
none of the patients develop acidosis on 
the high-fat diet, but in those coming in 
with an acidosis short of coma, this acido- 
sis disappeared on the diet. This method, 
it is stated, will keep the urine sugar-free 
and maintain the nitrogen balance, does 
not induce a hyperlipoidemia, supplies 
enough energy to permit of earning a 
livelihood, and is not attended by down- 
ward progress in uncomplicated cases. 


Newburgh and Marsh dissent from the 
contention that a fatty acid: glucose ratio 
of 1.5: 1 cannot be exceeded without risk 
of acidosis. 

Varying opinions have been expressed 
as to the relative merits of the above high- 
fat diet and the low-fat diet advocated by 
Allen and Joslin. In this connection it 
may be noted that while some diabetics 
will do well on one kind of diet, others will 
do better on another, without any known 
reason. Further, the advent of insulin 
would seem to have reduced the impor- 
tance of a decision as between the high- 
fat and low-fat methods, since maximal 
diet restrictions in the severe cases are no 
longer a paramount need. 

SPECIAL DIETARY FEATURES 
IN DIABETES. — The late advances in 
diabetic therapeutics have led to em- 
phasis on the totals of carbohydrate, pro- 
tein and fat taken, rather than on the rela- 
tive merits and demerits of individual 
foods. Nevertheless, there remain some 
features relating to specific articles of diet 
which are of interest and have some bear- 
ing on treatment. 

Bread and Starchy Foods. — Many dia- 
betics are found to have been consuming 
starches to excess, and in a considerable 
percentage of these it is through the in- 
gestion of bread that the largest amount 
of carbohydrates is brought into the sys- 
tem. One hundred Gm. of bread contain 
53 Gm. of carbohydrates (the best quality 
breads may contain more than 55 Gm.), 
which, becoming transformed into glucose, 
will yield a still larger amount of the lat- 
ter (about 60 Gm.). Thus, a diabetic pa- 
tient consuming 0.5 kilogram of bread 
daily can cause, theoretically, to pass into 
his system more than 260 Gm. of glucose. 

The importance of greatly restricting the 
amount of bread ingested may thus be 
realized. The diabetic should rarely be per- 
mitted to take more than 50 Gm. of bread a 
day; indeed, it is often prohibited alto- 
gether, as also those starchy foods, — ^mac- 
aroni or other pastes, rice, sago, — which, 
in proportion to their nitrogen content, 
contain more starch than does bread. The 
subjoined table, after Boussingault (Ann. 
de chim. et de phys., 5th series, vol. v.) will 
give an idea of the relations existing be- 
tween various foods in this respect. 
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Percentage Composition of Some 
Starchy Foods * 
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Rice 

7.5 

0.5 

76.0 

14.6 

10.0 

Potatoe.s 

2.8 

0.2 

23.2 

73.0 

8.3 

Sago 

9.1 

0.6 

74.7 

13.0 

8.2 

Vermicelli 

9.5 

0.3 

76.4 

12.5 

8.0 

Bread 

7.0 

02 

55.3 

36.5 

7.9 

French cake (“lirioche”) . 

10.9 

10.9 

41.3 

17.9 

3.7 

Gluten preparation 

21.3 

1.0 

64.7 

12.2 

3.0 

Dried peas 

23 8 

1.6 

55.7 

55.7 

13.5 

12.5 

2.3 

2.2 

Lentils 

25!o 

2.5 

White beans 

26.9 

3.0 

48.8 

15.0 

1.8 


*Upon adding together horizontally the figures 
given in the first four columns it will be observed that 
the result is not 100. This is because the percentage 
of the salts has been omitted, and because, in the case 
of dried peas, lentils, and white beans, the thin covering 
layer, amounting to from 2 to 3 per cent., is not taken 
into account. 

As for gluten preparations, there are 
available certain biscuits containing more 
protein than carbohydrate, with a rather 
high proportion of fat. Sonic diabetics 
have done well with these preparations, 
but their considerable carbohydrate content 
may be far more advantageously applied 
in the substitution of larger amounts of 
residue-yielding vegetables; besides, these 
preparations entail considerable expense. 

Soy bean, the seed of GJycina hispida, is 
peculiar in containing little or no starch, 
though having a large percentage of pro- 
tein, which may be utilized in the body 
in place of that of other vegetables and of 
meat. Some observers have considered it 
a valuable addition to the dietary. 

The dry vegetables — peas, lentils, and 
white beans — ^referred to in the table pre- 
sented above, contain, for each gram of car- 
bohydrate, about four times as much of 
vegetable protein as bread. Theoretically, 
they should be advantageous in diabetics, 
since for 1 Gm. of nitrogen there are sup- 
plied but 2 Gm. of carbohydrate. It is 
inevitably difficult, however, for an indi- 
vidual with any appetite to content himself 
with a single spoonful of peas or lentils. 
If he takes more than this, he will be in- 
gesting a rather large absolute quantity of 
starch. 

The question of bulk in its relationship to 
the various articles of food is of great im- 
portance in diabetes, for if the patient does 


not experience the sensation that his 
stomach is full he will remain quite hungry. 

It is preferable to be lenient, therefore, 
in the matter of watery vegctable.s, even 
those looked upon with suspicion by some 
because of their more or less sweet taste. 
Squash, for example, may well be allowed 
— in moderate amounts only, of course. 
This vegetable, indeed, contains more 
than 90 per cent, of water and about 6 per 
cent, of carbohydrate (potato containing 
20 per cent.). Protein is itself present in 
a not inconsiderable amount in squash, — 1 
part to 6 parts of carbohydrate. 

Thus, green vegetables constitute very 
valuable food for diabetics. They are, of 
course, poor in protein; but they are still 
more so in carbohydrates, when cooked. 
Some, e.g., lettuce, contain no more pro- 
tein than carbohydrate, even when un- 
cooked. Moreover, the green vegetables 
have the advantage of containing vitamines 
in abundance. 

Fruits are prohibited cn bloc by some. To 
be deprived of them is, hewever, a hard- 
ship to many patients. Besides, such a re- 
striction hardly seems justifiable when it 
is recalled that almost all fruitwS, even those 
with a distinctly sweet taste, contain 
hardly any more carbohydrates than the 
vegetables which diabetics are allowed. 
Weight for weight, fruits contain six to 
twelve times less carbohydrate material 
than wheat bread (Kraus). About 200 
Gm. of peeled oranges are required to equal 
the amount of sugar occurring in 20 Gm. of 
bread. 

In apricots the proportion of carbohy- 
drates is but little greater. In the peach 
it is even slightly less. This fruit, there- 
fore, permits of satisfying the whims of 
diabetics. Even in consuming 100 Gm., they 
ingest only a small quantity of sugar. 

It must not be forgotten, moreover, that 
among the various saccharine substances, es- 
timated all together, and termed “sugar,” all 
is not necessarily harmful to the diabetic. 
Thus, pentoses, even when not utilized by 
the body, can in most instances pass through 
the system without any prejudicial effect; they 
increase the glycnria, but not the glycosuria. 
Other sugars are utilized, if the amount 
taken is not too great, e.g., levulose. 

A few diabetics tolerate lactose fairly 
well; but it is especially in milk itself that 
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it is availed of. Now, milk is a complex 
food product, and lactose is not the only 
principle in milk which might augment 
the glycosuria. In addition to 50 Gm. of 
lactose to the liter, milk contains about an 
equal proportion of casein, which can yield 
sugar. Maurcl, of Toulouse, brought about 
recovery in diabetics with the “milk cure” ; in 
these cases the milk acted through sup- 
pression of excessive alimentation and 
stimulation. In most cases the tolerance 
for milk is low. Although when on a 
strict regime the patient has no glycosuria, 
the latter appears after ingestion of a half- 
liter of milk. The use of lactosc-frec milk 
has therefore been advised. Wright has 
suggested the following method of prepa- 
ration: To the milk arc added 3 or 4 parts 
of water acidulated with acetic acid; the 
casein and fat arc thus precipitated. The 
milk is then filtered through cheesecloth, 
and the precipitate washed and redissolved 
in a saline solution containing in suitable 
proportion the salts of the blood serum. 
Patients, however, generally find this arti- 
ficial milk unpalatable. It may be sweet- 
ened with saccharin. Williamson merely 
dilutes cream with water. Cream contains 
almost 4 per cent, of lactose, but, since 
only a rather small amount of it is mixed 
with a liter of water, the patient ingests, 
on the whole, but little sugar. Unfortun- 
ately the taste of this mixture is hardly 
satisfying. Kefir, which contains no lac- 
tose, but a little alcohol and lactic acid, 
is generally much more readily accepted. 

Von Noorden has advised oatmeal in dia- 
betes: It is given, however, in admixture 
with a large amount of fat, so that the 
term “oatmeal cure” is not strictly correct. 
According to Blum, oatmeal does not act 
in a specific manner, and that which lends 
effectiveness to the treatment is the inter- 
polation of “vegetable days” (t,c., days of 
insufficient alimentation) and the pro- 
hibition of meat. The action of oatmeal 
appears to be complex. The intestinal 
flora is said to take part in it, apparently 
by causing, when meat is wholly excluded 
from the diet, partial fermentation and 
oxidation of sugar in the intestine. Von 
Noorden noticed that the oatmeal cure did 
not succeed when the patient ate meat. 
Hence the fact that only vegetable proteins 
are given with it. As a matter of fact, not- 


withstanding the great notoriety this “cure” 
enjoyed, it has succeeded only exceptionally. 

The nature of the proteins taken fs not 
without importance. In certain diabetics 
meat — especially raw meat — ^produces much 
sugar, and casein, even more than an equal 
weight of egg protein. Vegetable protein 
is the variety that yields the least sugar. 
As a general rule, the proteins which pro- 
duce the most sugar are those which are 
most rapidly absorbed. 

In diabetics without acetonuria, free use — 
not abuse, however,— of fats finds few con- 
traindications other than obesity and the 
condition of the digestive tract. 

Fresh cream, fresh butter, animal fats, 
and cocoa are generally well borne, even 
in considerable amount. There are dia- 
betics who will readily take olive oil, and 
even some who, having no distaste for cod- 
livcr oil, arc benefited by taking it. 

Intarvin, introduced by M. Kahn, con- 
sists chiefly of glyceryl margarate, small 
amounts of other fats, and 12 per cent, of 
liquid petrolatum. The margaric acid is 
exceptional among fats in containing an 
odd number of carbon atoms, in conse- 
quence of which its oxidation produces no 
oxybutyric acid and little or no glucose, 
even in diabetics. It nourishes and 
strengthens the patients without produc- 
ing ketosis, yields 8.1 calories per gram, 
and has generally been given in amounts 
of 100 Gm. a day. Its taste being slightly 
rancid, it may advantageously be given 
melted in hot coffee, before meals. Ac- 
cording to Lyon, Robson and White, ad- 
dition of intarvin to a stabilized diet causes 
a trace of sugar to appear in the urine, al- 
though the substance possesses advan- 
tages over other fats. 

As for alcohol, there is general agree- 
ment as to the necessity for forbidding to 
diabetics sweet liqueurs; champagne, which 
may contain over 12 per cent, of sugar; 
vermouth, which may contain 11 per cent., 
etc. Beer must also be forbidden, espe- 
cially certain varieties that contain 5 per 
cent, of carbohydrates. Cider is also 
deemed harmful. But ethyl alcohol in 
moderate amount, diluted with water, or 
in the form of a good quality of wine, may 
be taken, except where there are contra- 
indications arising from the condition of the 
liver or alimentary tract. Alcohol sup- 
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plies, for each gram ingested, about 7 
calories; at times it favors the digestive 
functions, and it does not increase the gly- 
cosuria. 

Condiments with a Sweet Flavor. — Sac- 
charin (Glusidtim, U. S. P.) is used by dia- 
betics because of its sweet taste. It is 
employed in the preparation of certain 
food products intended for their consump- 
tion, notably chocolate. Although its 
harmful properties have been exaggerated, 
there is no doubt that it is capable of caus- 
ing dyspepsia. Its use may be tolerated, 
but should not be recommended. Levu- 
lose, according to S. Solis-Cohen, does not 
increase the excretion of sugar. Lactose 
and inulin arc also used to replace sugar. 
Hediosite, which has a pleasant, sweet 
taste, has been recommended in doses of 
10 to 30 Gm. ( 21/2 drams to 1 ounce) a day. 
Glycerin has been used instead of sac- 
charin as a sweetening agent, and has been 
shown by McCann and Hannon and by 
Thomas, Jr., to have antiketogenic value. 

INSULIN. — This product, which 
has in some respects revolutionized 
the treatment of dia])etcs mellitus, is 
obtained from the islands of Langcr- 
hans in the pancreas, and was first 
prepared through the labors of Bant- 
ing and Best, in the laboratory of J. 
J. R. MacLeod, in Toronto, by liga- 
tion of the pancreatic duct in animals, 
thus causing the acinous portion 
of the gland to atrophy, fol- 
lowed by the making of a saline ex- 
tract of the residue. Later, the active 
component having been found soluble 
in alcohol, and the otherwise destruc- 
tive external pancreatic ferments be- 
ing inactivated by the same agent, 
the way was opened for a more ex- 
peditious method of preparation, di- 
rectly from normal adult ox pancreas. 
The term ‘‘insulin*’ is derived from 
the latin insula, an island, referring to 
the islands of Langerhans, cert^^in 
cells of which, the ^ cells, have been 
found degenerated or destroyed in 


diabetes and are regarded as supply- 
ing an internal secretion essential to 
the prevention of diabetic glycos- 
uria. The term iletin (insulin-Lilly) 
refers to the first commercial brand 
of insulin placed on the market; this 
preparation is supplied in 5 or 10 c.c. 
vials (U-10, U-20, U-40, or U-80) 
containing 10, 20, 40, or 80 clinical 
“units” in each c.c. (1 clinical unit— 

the amount of insulin required to 
lower the percentage of sugar in the 
blood of a normal rabbit weighing 2 
kg. and starved for 24 hours, to 0.045 
per cent, within 3 hours). According 
to Abel and Ceiling, the activity of 
insulin is due to its content of sul- 
phur in an unstable form. They have 
concentrated it to a point where 1 
nigm. is equivalent to 80 units. 

An insulin-like principle termed 
glncokinin has also been isolated from 
plants and invertebrate animals rich 
m glycogen. It promotes the burn,- 
ing of sugar when injected in rabbits 
and dogs. 

Action of Insulin. — Insulin has 
been found in animals to yield the 
following effects: It lowers the blood 
sugar in normal rabbits; it may pre- 
vent the hyperglycemia due to piq- 
ure, asphyxia, epinephrin and ether; 
it increases the sugar consumption by 
the isolated mammalian heart; it 
causes glycogen to be deposited in 
the liver of diabetic animals fed with 
sugar; it raises the respiratory quoti- 
ent in such animals ; it affects the mi- 
gration of fat in diabetic animals, 
and causes the acetone bodies to dis- 
appear from their urine. (Insulin 
Committee, Univ. of Toronto.) 

Clinically, insulin is not to be con- 
sidered as a complete cure for dia- 
betes. In conjunction with carefully 
regulated dietetic treatment, how- 
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ever, it produces remarkable results 
in overcoming: g:lycosuria, reducing 
blood sugar to normal levels, remov- 
ing ketones from the urine and blood, 
relieving the symptoms, and increas- 
ing body weight and strength in ad- 
vanced cases. It is most strikingly a 
specific in diabetic coma, and the 
alkali reserve and alveolar carbon di- 
oxide of ])atients in acidosis and coma 
arc restored to normal. 

The action of insulin in causing a 
burning up (or, according to some, a 
withdrawal to the tissue cells) of the 
excess of sugar in the blood is so 
prompt and powerful that an over- 
dose easily leads to an opposite con- 
dition — hy p( )gly c em i a — w i t h sy mp- 
toms so pronounced that the term 
“insulin shock” has been applied. 
High dosage in animals produces 
tetanic convulsions, coma, and death. 
In man, hunger, weakness, or fatigue 
may be first complained of. Olm- 
sted and Kahn describe a prodromal 
stage of headache, giddiness, restless- 
ness and numbness of the extremit- 
ies; a second stage of chilliness or 
sense of warmth, sweating and ])alc- 
ness, and a stage of hypoglycemia 
(with blood sugar from 0.06 to 0.04 
per cent.), characterized by a shaking 
chill without fever, muscular tremors 
and hypothermia. Unconsciousness 
supervenes as the blood sugar 
reaches 0.03 per cent. (Joslin), and 
death is a possibility. An effective 
and rapidly acting antidote is avail- 
able, however, in the administration 
of carbohydrate food. From 1 to 3 
teaspoonfuls of glucose or the juice 
of an orange may be given for the 
purpose, and the desired result may 
be further hastened by previous intra- 
muscular injection of 1 c.c. (16 min- 
ims) of 1 : 10(X) adrenalin solution. If 


the patient, after the adrenalin, is not 
able within a few minutes to swallow 
some glucose, the latter may be ad- 
ministered subcutaneously or intra- 
venously. 

Indications and Manner of Use of 
Insulin. — In a large proportion of 
cases — 75 per cent., according to the 
Insulin Committee’s estimate — dia- 
betes may be controlled by dietetic 
treatment, without insulin. The ques- 
tion suggests itself, however : If insu- 
lin completely eliminates glycosuria 
and hyperglycemia, why not disre- 
gard all dietetic restrictions and con- 
fine the treatment to the administra- 
tion of enough insulin to make good 
the deficiency in activity of the 
islands of Langerhans in the patient 
concerned? The answer to this is 
that insulin is an agent capable of 
rapidly producing harmful effects, and 
that if a dose of insulin overbalances 
the carbohydrate present in the blood 
at the time, the symptoms above re- 
ferred to will j)romptly appear. Cor- 
rect insulin dosage requires precise 
knowledge and adjustment of the diet, 
and the higher the dosage the greater 
the risk of dangerous symptoms at- 
tending an unadjusted or irregularly 
followed diet. The necessity of ad- 
ministering insulin with the syringe 
rather than by mouth — the oral route 
hindering its activity — is another fac- 
tor which militates against the sub- 
stitution of insulin for dietetic treat- 
ment. 

On the other hand, insulin used in 
conjunction with diet in the more 
severe cases is of great value in that 
it removes the necessity of restrict- 
ing the patient's food intake and 
mode of life to conform to the degree 
of remaining function of the islands 
of Langerhans. He need no longer 
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be condemned to a condition of “in- 
validism and mere vegetative exis- 
tence, terminating either in coma or 
death from inanition” (N. B. Foster). 
On the first and second days of insu- 
lin treatment, as noted by Banting, 
Campbell and Fletcher, the urine be- 
comes sugar-free, and on the second 
or third day, ketone-free. Strength 
increases before the end of the first 
week. Hunger is replaced by appe- 
tite, thirst is lessened, and edema dis- 
appears in about 10 days. Increase 
of weight can be promoted by sup- 
plying food in excess of the caloric 
requirements and with it an increased 
amount of insulin. 

Prevailing views as to the correct 
treatment of diabetes favor a prelim- 
inary study of the ability of the case 
to respond to dietetic treatment 
alone, insulin being added where such 
treatment proves insufficient to elim- 
inate glycosuria and maintain for the 
patient a satisfactory standard of liv- 
ing and working capacity. Joslin 
(Jour. Amer. Med. Assoc., June 2, 
1923) has prepared the subjoined diet 
table for use in connection with the 
insulin treatment. It includes pre- 
liminary test diets calculated to bring 
out the patient’s ability to respond to 
dietetic treatment alone : 

The four Test Diels (T. D. 1, 2, 3 and 4) 
are given on successive days until the urine 
is sugar- free. This generally occurs on Test 
Diet 3 or 4. One then skips to that mainte- 
nance diet which has about the same (juantity 
of carbohydrate as the last test diet used, 
and advances each day. If glycosuria re- 
turns, for example, on the carbohydrate and 
protein and fat for the sixth day (Co + 
PFe) and the patient is not receiving 
enough calories, one lowers the carbohy- 
drate to Cs or C 4 and advances the protein 
and fat to PF 7 or PFs or more as needed, 
or even adds extra fat in the form of cream 
or butter. The 5 per cent, vegetables re- 


ferred to in the table are those given in 
the first 2 columns in the table on p. 52, 
the first series containing 1 to 3 per cent, 
of carbohydrates, and the second, 3 to 5 
per cent. In calculating the carbohydrate 
of diets, the average carbohydrate of the 
whole group of 5 per cent, vegetables is 
reckoned as 3 per cent. In using insulin 
blood sugar tests are desirable, but Usu- 
ally Benedict tests of each specimen of 
urine are substituted. By testing before 
and after meals the patient learns whether 
the relation between carbohydrate and in- 
sulin should he changed. If glycosuria is 
present although the carbohydrate in the 
diet is below 30 Gm., insulin is increased. 
After a few weeks the urine testing can 
generally be reduced to that portion of 
the 24-hour urine which is voided at home. 

Insulin, when used, is injected 
oftencst in the arm, next the thigh, 
and last, the abdomen or buttock, 
to 154 hours (usually hour) before 
meals, according tc the estimated 
rapidity of absorption of carbohydrate 
from the stomach and of insulin from 
subcutaneous tissues. The daily dose 
is calculated on the basis of the fact 
that 1 unit of insulin is capable of 
burning 2 Gm. of sugar. With the 
patient's tolerance for carbohydrates 
determined, the number of insulin 
units needed is calculated by divid- 
ing the grams of glucose appearing 
in the urine on the existing diet by 2. 
If the sugar excreted is below 20 Gm,, 
the drug may l)e given before break- 
fast in a single daily dose of 10 units 
or less, according to the number of 
grams of sugar. Where the sugar ex- 
ceeds 20 Gm., two or three doses, be- 
fore meals, are indicated. Few cases 
require more than 50 units a day. A 
“tuberculin” type syringe — 1 or 
c.c. — is very convenient for insulin 
administration. I'he syringe and 
needle should be boiled once daily, 
and washed with alcohol and boiled 
water previous to other injeciions. 
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Insulin Diabetic Diets (Josltn) 


'J oTAU Diet 


Carbohydrate (C) 


Protein and Fat (PF) 


Diet 

Carbohydrate ; 

Protein | 

Fat , 

1 Calories 

5^ Vegetables 


( T. D. ] 

J8! 

46 

44 

1.304 

300 


1 T. I).2 

JOl 

35 

43 

931 

300 

1 c.st ... ^ 

1 T. 1). 3 

66 

24 

37 

693 

.300 


1 T. D. 4 


15 

30 

466 

300 


Cl 1 V¥1 

14 

15 

30 

386 

300 


C2 1 J’F2 

22 

19 

37 

497 

300 


C3 f it:j 

.32 

24 

37 

557 

600 


C4 1 J*F4 

42 

29 

52 

752 

600 


C5 f i'F5 

52 

32 

66 

9:10 

600 

Mainte- ^ 

1 C6 + l’F6 

64 

44 

83 

1179 

600 

nance ] 

C? f PF7 

74 

52 

88 

1296 

600 


C8 1 PFH 

84 

61 

9-t 

1426 

600 


C9 -f i^F9 

98 

65 

106 

1606 

600 


C IO 1- PFIO 

109 

66 

119 

1771 

600 


i'll 1 PFIl 

335 

80 

135 

2075 

600 


L C12 + J'F12 

139 

84 

135 

2187 

600 


V 

ao 

c 

a 

0 

.300 

300 

300 

200 

j 

Oatmeal 

1 Shredded Wheat 

Uneeda 

j Potato 

00 1 

cn 

OD 

w 

Cream 204 fat 

Bacon 

1 Butter 

‘ Meat 1 


4 

2 

2 

2 

1 

1 

120 

120 

120 

120 

120 
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ioo 




2 

60 


i.5 


100 


' 

2 

60 


15 


200 


• 

2 

60 

30 

15 


200 

is ' 

1 

2 

60 

.30 

30 


200 

30 


2 

120 

30 

30 

30' 

300 

30 


.... .. 

2 

120 

30 

30 

60 

300 

30 


2 


2 

120 

30 

30 

90 

300 

.30 

1 , 

2 


2 

180 

30 

30 

90 

300 

30 

i 

2 


2 

180 

.30 

45 

90 

300 

30 

1 

2 

120 

2 

240 

30 

45 

120 

.300 

30 

1 

2 

240 

2 

240 

30 

45 

120 


‘ Presenting an outline for the practitioner 
of the principles underlying the use of in- 
sulin, Banting (Proc. Inlernat. Conf. on 
Health Prob., 1924) alluded to a vicious 
circle ■whereby the excessive hunger re- 
sulting from failure to burn sugar throws 
an increased strain on the insulin-produc- 
ing mechanism, rapid emaciation resulting. 

The basal food requirement of the body 
is about 25 calorics per kilo, of w'cight per 
day. Of protein, % Gm. per kilo, per day 
is required, and the remaining calories 
must be supplied by carbohydrate and fat 
in a ratio that will prevent the production 
of ketone bodies. The sinqilest method for 
determining the amounts of the 3 basal 
foodstuffs to give is that of Hipwell, in 
which the percentages of calories to be de- 
rived from protein, carbohydrate and fat 
are put down as 12, 13 and 75, respectively. 
By dividing the protein and carbohydrate 
calories by 4, and the fat calorics by 9, 
the respective grams of each are obtained. 
Thus, if a patient weighs 64 kilos., the 
minimum caloric requirement is 64 X 25 = 
1600 calories. The diet prescribed, then, is : 


Fat: 


75% of_ 1600 
9 


= 133 Gm. 


^ 13% of 1600 

Carbohydrate : ■ == 52 Gm. 

4 

12% of 1600 

—-48 Gm. 


With these 3 amounts determined, the pa- 
tient’s diet is then compiled by the use of 
calorie food tables. 

Patients should be thoroughly instructed, 
taught urinalysis, the calculation and prepara- 
tion of a diabetic diet, and how to admin- 
ister their own insulin and calculate its 
dose. They should be warned of the symp- 
toms and treatment of overdosage. It is 
impracticable for the physician to treat 
and teach the patient unless he is in a 
hospital. Blood-sugar estimations are de- 
sirable, but not absolutely imperative if 
the urinary sugar is closely followed. 

In the initial examination of the patient, 
attention should be given to the finding 
of a possible focus of infection. The tonsils, 
teeth, sinuses, chest and digestive system arc 
examined clinically as well as by X-ray, and 
special consideration is given to biliary tract 
infection, constipation and chronic appen- 
dicitis. Such a focus, if found, should be 
suitably treated, as it may lower and unstab- 
ilize carbohydrate tolerance. 

The patient is placed on the diet of basal 
caloric value for 3 or 4 days, or until the 
urine is sugar- free. The sugar excreted is 
estimated daily, and this, subtracted from the 
available carbohydrate iilgested, gives ap- 
proximately the utilization. The available 
carbohydrate includes 56 per cent, of the 
protein, 10 per cent, of the fat and all of the 
carbohydrate in the diet. If the patient be- 


Protein: 
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comes sugar-free and “blood-sugar-normar* 
on the basal requirement diet, the caloric 
intake is gradually increased until sugar 
appears in the urine. The tolerance is 
thus ascertained. If a patient remains 
sugar-free and has a normal blood-sugar 
on a diet containing 700 calorics above his 
basal requirement, the case is considered 
not sufficiently severe for insulin; otherwise, 
insulin treatment is commenced. The in- 
itial dose should not be more than 5 units 
twice a day. This can be gradually in- 
creased until the patient becomes sugar- 
free, the diet being kept constant. Roughly, 
each unit of insulin causes lYi to Gm. 
of carbohydrate to be utilized. The 
amount of utilization per unit is lea.st in 
severe cases with high blood-sugar and 
during infection. The insulin is best given 
20 to 30 minutes before the morning and 
evening meals, e.g., 15 units (hypodermi- 
cally) before breakfast and 10 before dinner, 
the larger morning do.se being intended to 
take care of the noon meal also. When 
the insulin do.se and diet are balanced so 
that the blood-sugar is normal, they arc 
concurrently increased until the required 
amount of food is reached. 

An excessive dose of .insulin cau.ses a 
marked hypoglycemic reaction beginning in 
lYi to 6 hours (average 3 to 4) and featured 
by an unaccountable anxiety, restlessness, 
often sweating, a great desire for food, and 
soon after, clonic tremor, impaired co- 
ordination, pallor, rise of pulse rate to 100 
or 120, dilated pupils, faintnes.s, and even 
aphasia, collapse, unconsciousnes.s, convul- 
sions and death. Ingestion of orange juice 
(4 to 8 ounces — 120 to 240 c.c.), glucose or 
candy relieves these symptoms in 5 to 10 
minutes. If coma or convulsions have oc- 
curred, adrenalin, 10 to 15 minims (0.6 to 
1 c.c.), usually restores consciousness in 3 
minutes, whereupon glucose should be 
given by mouth. 

By careful adjustment of the diet and 
dose of insulin, all diabetics may be kept 
sugar-free. There is abundant evidence of 
regeneration of the islet cells when the 
strain thrown on them by a high blood- 
sugar is relieved. Increase in tolerance is 
evidenced by decreasing insulin dosage, 
and some moderately severe cases become 
able to dispense with the insulin. The 
proper burning of carbohydrates under in- 
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sulin allows of complete oxidation of the 

fats, and acidosis disappears. 

Only about % of the cases ordinarily 
seen need insulin. Undernourished 
diabetics, young diabetics, diabetics 
with a surgical complication and dia- 
betics with acidosis or an acute in- 
fection usually need insulin, while 
elderly and obese diabetics do not. 
There is a tendency for too many dia- 
betics to be sent to hospitals for edu- 
cation and treatment. Patients can 
now learn readily how to calculate 
diets, measure and prepare them, test 
the urine for sugar, and administer 
insulin. Selected cases can be in- 
tensively treated with insulin, so that 
a satisfactory therapeutic result can 
be accomplished in a few hours. At- 
tempts should be made to shorten the 
ho.spital treatment for diabetics. R. 
Fitz (Boston Med. and Surg. Jour., 
Mar. 19, 1925). 

The large majority of diabetic 
children cannot be successfully treated 
without insulin. With it, 31 of 35 
cases treated for a year or more 
showed marked and progressive im- 
provement of tolerance, the dose be- 
ing reduced in spite of the increasing 
body weight. After a precautionary 
determination of the blood sugar, 3 
to 5 units may be given safely at the 
start, and the dose then adjusted as 
the effect suggests. Patients receiv- 
ing less than 10 units daily are given 
a single dose 15 to 20 minutes before 
breakfast; 10 to 30 units, in 2 doses 
before the breakfast and evening 
meal, spaced 12 hours apart, and with 
the noon meal somewhat lighter; over 
30 units, 3 doses before meals. The 
usual symptoms of hypoglycemic re- 
action in children arc abnormal epi- 
gastric sensations, hunger or actual 
pain, and crying spells or sudden ir- 
ritability. Therapeutic results are ob- 
tained quickest by beginning with a 
starvation diet for a day, using in- 
sulin if the blood sugar is excessively 
high. In the mild cases it is equally 
satisfactory to give the basal require- 
ments, alone or with insulin until 
sugar-free. The final diet i,s deter- 
mined by the child’s nutritional needs, 
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and no< by liis tolerance. Enoiifjh 
insulin is j.nven to render the extra 
food utilizahle and keep the blood 
sugar normal The caloric require- 
ment is determined by allowing the 
calories as estimated by Holt for the 
expected weight of the child, or by 
giving twice the expected basal re- 
quirement. Two to 3 Gm. of protein 
are allowed per kilo, of expected 
weight, depending on the age. The 
remaining calorie.s are distributed be- 
tween fat and carbohydrate in the 
1.5:1 ratio. Adequate rest is es- 
sential. All foci of infection should 
be removed early. G. L. Boyd (Amcr. 
Jour. Dis. of Childr., Mar., 1925). 

Modifications of insulin dosage and 
often of diet are unavoidable to counter- 
balance changes caused by activity or 
minor illnesses, if the patient is to 
steer a level course between hyper- 
and hypoglycemia. The most use- 
ful time to estimate the blood sugar 
is at its lowest point, about 4 hours 
after the largest daily dose of insulin, 
vie., usually about noon or just before 
the midday meal. The level at this time 
should be about 0.1 per cent.; if it is 
above, 2 or 3 more units of insulin 
should be given; if below 0.08, a few 
units less. R. D. Lawrence (Practi- 
tioner, Feb., 1927). 

OTHER MEDICINAL AGENTS. 
— Antipyrin has sometimes l)een u.sed 
in diabetes. My researches, however, 
showed that it tends to counteract 
the destruction of sugar. Its use can- 
not be long continued. Sodium sali- 
cylate has also been of service; its 
action is similar to that of antipyrin, 
but it does not likewise diminish the 
polyuria. Quinine acts similarly, and 
has the advantage of being tonic. 

Opium reduces both the polyuria 
and the glycosuria, and may fulfill 
certain indications. It is in no sense, 
however, a curative remedy. Slowing 
of the absorption of sugar from the 
gastrointestinal tract is thought to ac- 
count at least partly for its effects. 


Having used codeine sulphate for a 
number of years, and then morphine in 
gradually increasing doses, Bassler con- 
cluded that the dried extract of opium 
gives the best results, started in Vz grain 
(0.032 Gm.) doses, three times a day, and 
gradually increased until 4 to 6 grains (0.26 
to 0.39 Gm.) daily are taken. In some, 
arsenic acts better than opium. Fowler’s 
solution, commencing with 3 minims (0.18 
c.c.) and gradually increasing up to 10 
(0.6 c.c.), three times daily, is most con- 
venient and answers all purposes. 

Extract of oxgall and pancreatic extract 
often prove effectual, according to L. N. 
Boston. When using them, it is well to 
direct that they be placed in pills coated 
with keratin and a second coating of salol. 

Two cases of insulin-resistant dia- 
betes, in which death in coma oc- 
curred after reduction of acetonuria 
and glycosuria by insulin. To remove 
the remaining traces of sugar in rela- 
tively resistant cases the writer rec- 
ommends that tincture of opium be 
used as an auxiliary to the insulin. 
Arneth (Klin. Woch., June 11, 1925). 

Striking results claimed for raw 
fresh pancreas in diabetes, the urine 
becoming sugar-free, the blood sugar 
declining, and the ketone bodies dis- 
appearing from the urine. The gland 
inu.st be quite fresh and eaten at once, 
preferably minced and in a salad. One 
patient seemed to do better on raw 
gland than on insulin. T. J. Hollins 
(Brit. Med. Jour., Mar. 14, 1925). 

Patient on a constant diet, given 
raw fresh pancreas, but without dimi- 
nution of glycosuria. Next day this 
glycosuria was reduced to traces by 
a very moderate dose of insulin. Duly 
controlled experiments have not shown 
any utility of raw fresh pancreas. 
Carrasco-Formiguera (Brit. Med. Jour., 
Sept. 26, 1925). 

Case in which raw pancreas checked 
glycosuria, whereas insulin had failed to 
do so. The urine remained sugar- free 
as long as pancreas was given. Neve 
(Brit. Med. Jour., Mar. 13, 1926). 

In a few cases belladonna — or atro- 
pine, — combined or not with opium, 
has seemed useful. 
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Forchheimer deemed atropine methyl- 
bromide, Tin grain (0.009 Gm.) t. i, d., grad- 
ually increased to grain (0.034 Gm.), or 
atropine sulphate, M.no grain (0.0004 Gm.), 
gradually increased to grain (0.0032 
Gm.), well adapted to milder cases. The 
glycosuria is often diminished and carbo- 
hydrate tolerance increased. The tincture 
of belladonna, however, seemed best toler- 
ated. 

Alkalies are useful in nearly all 
diabetics and for a prolonged period. 
They are known to favor oxidative 
processes, and possibly they may con- 
tribute to the fixation of glycogen in 
the liver, that is, to what I have 
termed ‘"euzoamylia.*' In certain 
cases, however, they increase glycos- 
uria; these are generally diabetics 
in a poor state of nutrition. 

A number of cases were greatly im- 
proved, according to Labbe and Pcrochon, 
by inhalations of ozone in daily 15- 
minute sSanccs. Possibly the oxygen in a 
nascent condition enhanced the consumption 
of sugar in the tissues. 

Natural sulphur water found use- 
ful in 9 cases. Insulin likewise con- 
tains a considerable amount of sul- 
phur. Diabetes is regarded by the 
writer as a disease due to deficiency 
of sulphur for pancreatic function. 
Marchisio (Gazz. d. osp. e d. din., 
June 8, 1924). 

Favorable results claimed for par- 
enteral protein therapy in diabetes. 
Small doses are injected on alternate 
days and subsequently every 4th day, 
with slight progressive increase of the 
amount. G. Singer (Wien. klin. 
Woch., Jan. 1, 1926). 

Jambul, a plant of the order Myrta- 
ceae, possesses only a very feeble 
action in diabetes. 

Hepatic opotherapy has been rec- 
ommended by Gilbert and Carnot in 
cases where the functional activity of 
the liver-cell is distinctly diminished. 
Sometimes it has given good results 
in these cases. 


Case of renal glycosuria in a girl un- 
der observation from the age of 6 to 
18. The glycosuria sometimes rose to 
4.4 per cent, was little affected by diet, 
but showed slight orthostatic variation, 
and orthostatic albuminuria co-existed. 
The general health remained good. Un- 
der intravenous injections of calcium 
chloride the glucose was reduced to 
0.25 Gm. and the albumin to 0.04 Gm. 
in 24 hours. Labbe (Ann. de med., 
Apr., 1922). 

PHYSICAL AGENCIES.— Physi- 
cal exercise, recommended long ago 
by Trousseau and Bouchardat, may 
be given first rank among the physical 
therapeutic measures. Unless in- 
sulin is given, however, it cannot be 
advised to all patients, and inust even 
be prohibited in the stage of impaired 
nutrition, for fatigue increases the 
latter. Thus, overstrenuous physical 
exercise acts in the sanie manner as 
mental strain, worry, etc. 

In a diabetic ingesting a moderate 
proportion of carbohydrate and re- 
ceiving an adequate supply of insulin, 
the effect of exercise is beneficial, 
rapidly lowering the blood glucose to 
a normal level and diminishing the 
production of ketones, and so render- 
ing tissue metabolism more complete. 
- As a result of exercise the blood 
sugar tends to fall to between 0.07 
and 0.10 per cent., but does not be- 
come lowered further. No hypoglyc- 
emic reactions have occurred on ex- 
ercise even if the initial blood sugar 
was as low as 0.07 per cent. In a 
moderately severe case with insuf- 
ficient insulin, however, exercise pro- 
duces little or no effect on blood glu- 
cose and ketosis is increased. K. S. 
Hetzel (Brit. Med. Jour., Jan. 17, 
1925). 

Climate. — ^The value in diabetics of 
a winter sojourn in a warm climate 
does not appear to have been suffi- 
ciently appreciated. The results of 
rather exact observations seem to 
have shown that their glycosuHa, all 
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other conditions being equal, is less if 
they stay in a warm climate. This 
may be due both to the fact that the 
activity of glyct^Iysis is augmented and 
that the system is not excited through 
the influence of the cold to an increase 
in carbohydrate metabolism. 

TREATMENT OF DIABETIC 
ACIDOSIS AND COMA.— The pre- 
vention of acidosis and coma calls for 
frequent and systematic tests of the 
urine for acetone and diacetic acid. 
As soon as these bodies are found — 
by means of tests previously described 
— the principal indication is to bring 
about their disappearance, and with 
it the immediate threat of serious 
complications. 

To dispel ketosis, where the diet 
previously imposed has been severe, 
the patient should, in the first place, 
be allowed to ingest daily some 50 to 
100 Gm. of carbohydrates. In other 
words, partial restoration of carbohy- 
drates is in order. The glycosuria 
will be increased thereby, but when 
the acetonuria shall have ceased the 
glycosuria may be restrained by 
again reducing the carbohydrates. 
As carbohydrate material in such 
cases it is advantageous to give levu- 
lose, either in the form of orange 
juice or as the pure sugar. The 
reason for preferring this particular 
compound is that it is the most read- 
ily oxidized among all the sugars. 
Another agent sometimes employed 
is dilute oatmeal gruel. 

As for the fats and proteins in the 
diet, opinions differ as to which of 
these should be the more markedly 
restricted. In certain cases, appar- 
ently, an actual excess of fats or even 
of proteins may have been respon- 
sible for the acidosis rather than in- 
sufficiency of carbohydrate allowance. 


At all events, a justifiable aim is to 
endeavor to balance the ketogenic and 
antiketogenic components of the diet, 
in the manner previously outlined in 
this article. In this connection it 
should be borne in mind tlKit in stout 
diabetics, there is a greater possibility 
of the production of ketone bodies 
from the fats stored in the body, 
while in thin diabetics this possibility 
is much reduced, a more liberal allow- 
ance of fats than in the stout patients 
being therefore warranted. 

To accelerate excretion of the 
ketone bodies, the intake of water 
should be increased to the largest 
amounts that the patients can con- 
veniently ingest, or, if the giving of 
sufficient fluid by the mouth proves 
impracticable, physiologic salt solu- 
tion may be given by proctoclysis, 
hypodermoclysis, or intravenously. 

The giving of alkalies, such as 
sodium bicarbonate, while less highly 
regarded than formerly, may do some 
good through a diuretic action; by 
forming salts with the fatty acids and 
thus rendering them more soluble, 
and by sparing the alkaline resetve of 
the body. The dosage is from 1 to 3 
ounces a day (30 to 90 Gm.), in 
divided amounts and well diluted, 
preferably between meals. A service- 
able guide as to dosage is the reaction 
of the urine, which, from marked 
acidity, should be changed to neutral- 
ity or slight alkalinity. If possible, 
determinations of the alkali reserve 
of the plasma should be made and the 
drug administered until this reserve 
has been restored. Neutralization of 
the ketone acids does not, of course, 
insure that their production will 
cease. 

Where acetonemia has been of long 
standing, it is occasionally found im- 
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possible to arrest its progress, even 
by rational diet and other measures, 
unless insulin is also used. 

The prophylaxis of coma may be 
secured by instructing the patients, 
whenever ill from any cause, to go to 
bed, keep warm, take a glass of hot 
water, tea, broth, orange juice, or 
oatmeal gruel every hour, empty the 
bowels with an enema, and call a 
physician, who, if he finds acidosis, 
will probably administer insulin, digi- 
talis, and caffeine, and may wash out 
the stomach. Patients omitting in- 
sulin through lack of supply must go 
to bed and restrict the diet one-third. 
E. P. Joslin (Jour. Amer. Med. Assoc., 
June 2, 1923). 

Diabetic Coma. — Vastly improved 
results in diabetic coma have been 
afforded by insulin, which should be 
administered at once in these cases. 
Even in advanced coma, unless it is 
complicated by other morbid condi- 
tions or the patient is actually mori- 
bund, recovery nearly always occurs 
under repeated intravenous injections 
of insulin in conjunction with enough 
glucose to obviate reduction of the 
blood sugar to a dangerously low 
level. By inducing combustion of 
glucose, insulin likewise enhances 
that of the fatty acids, thereby over- 
coming the symptoms. 

After an initial dose of 40 units of 
insulin subcutaneously, 20 more units 
every 3 or 4 hours are likely to be 
needed, or, in severe cases, even 40 
units. Proper adjustment of dosage 
calls for frequent tests of the urinary 
sugar and the ferric chloride test for 
diacetic acid, or better, where facili- 
ties are at hand, determinations of the 
blood sugar and carbon dioxide-com- 
bining power of the blood plasma. 
For the practitioner to whom the lat- 
ter tests are not available, the neces- 
sary procedure is to collect urine 


every hour or two, the bladder being 
emptied each time — by catheter, if 
need be, — and to carry out tests for 
sugar and acetone. Insulin can be 
continued as long as sugar is appear- 
ing in the urine. If, in spite of dis- 
appearance of sugar, acidosis is still 
indicated by the urine tests or clinical 
condition, injections of 10 or 20 units 
of insulin may be continued, to be 
followed immediately and in the suc- 
ceeding 3 hours by injection of an 
equal number (10 or 20) of grams of 
glucose, given either by mouth, or 
subcutaneously in 3 to 5 per cent, 
solutions, or intravenously in 5 to 50 
per cent, solutions of pure, sterile 
glucose. 

Generally, the injections of insulin 
at short intervals will be required for 
three or four successive doses. When 
the ferric chloride reaction has be- 
come faint, the intervals are length- 
ened to 6 or 8 hours. Fruit juices 
may advantageously be given as soon 
as consciousness returns. The ad- 
ministration of at least 40 units of in- 
sulin a day for two or three days is 
advisable, after which a maintenance 
diet may be instituted. Care should 
be taken immediately after recovery 
from the coma so to adjust insulin 
dosage as to escape both a recurrence 
of the coma and, on the other hand, 
unconsciousness from hypoglycemia 
due to excess of insulin. These perils 
are best avoided either by frequent de- 
terminations of the blood sugar or, if 
these are not feasible, by testing all 
portions of urine passed. 

Auxiliary measures in the treat- 
ment of coma include the forcing of 
fluids, 5 ounces (150 c.c.) being given 
every hour; moving of the bowels, 
preferably by enemas; external heat 
to the body and extremities ; absolute 
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rest, and the use of circulatory stimu- 
lants such as digitalis and caffeine 
when the occasion arises. To dilute 
the fatty acids and facilitate their 
elimination, as well as to provide car- 
bohydrate for promoting their proper 
combustion, ingestion at short inter- 
vals of orange juice or a well diluted 
gruel of oatmeal or other cereal is of 
great advantage. Where the liquids 
taken by the mouth are not sufficient 
to subserve these purposes, rectal, 
hypodermic, or intravenous adminis- 
tration of physiologic salt solution or 
a 5 per cent, solution of glucose (dex- 
trose) is of value. 

The use of sodium bicarbonate in 
developed coma is well known to be 
less serviceable than it is when begun 
earlier. Joslin has discarded it, but 
some others deem it worthy of trial. 
If, as many believe, the comatose 
state is due mainly to the toxic action 
of beta-oxybutyric acid on the brain, 
mere neutralization of this acid to 
form a sodium salt cannot necessarily 
be held to terminate its toxic action. 
Indeed, experimental evidence arguing 
against such a favorable effect from 
neutralization seems to be available 
in the conclusion reached by Ehrmann, 
Esser and Loewy, that injection of 
neutral oxybutyric salts induces coma. 
Previous to coma, sodium bicarbonate 
may be given by mouth, as already 
mentioned, although intravenous in- 
jection of the drug affords better 
chances of preventing the onset of 
coma. A sudden change in the osmotic 
equilibrium such as will result from 
an intravenous injection of alkali 
may well be attended with a much 
closer contact of the alkali with the 
toxic substances within the brain 
cells than would a slow introduction 
of alkali by the intestinal route. In- 


deed, this osmotic change throughout 
the economy is often followed by the 
elimination of a large quantity of 
ketone bodies — as though a flushing 
of the tissues with fluid had taken 
place. 

When coma already exists, an in- 
travenous injection of alkali has, by 
itself, but little chance of proving 
efficient. At most, one may succeed 
by its administration in bringing the 
patient back to consciousness for a 
short time. The toxic bodies in- 
ducing coma simultaneously cause 
lesions of the nerve-cells in the brain 
which soon become irremediable. 

Following arc a few practical details 
concerning the intravenous administration 
of alkali: A solution of 18 Gm. (4J4 drams) 
of sodium bicarbonate to the liter (quart) 
of ordinary water is prepared. This is 
boiled, then filtered. A vein, is next ex- 
posed at the bend of the elbow, a sterile 
glass cannula fastened into it with thread, 
and the solution introduced at 36° C. (96.8° 
F.) under low pressure and very slowly. 
I have run in as much as 1800 c.c. (3^ 
pints) of the solution. In this event the 
introduction of the fluid occupies a period 
of one hour and a half. Meanwhile, the 
pulse is watched and the heart auscultated; 
if gallop rhythm should be heard, this 
would indicate that the right heart was be- 
ing overburdened. Entrance of the fluid 
should then be temporarily stopped. 

The intravenous injection is fol- 
lowed by a reaction (afebrile), which 
is, in general, favorable. I have ob- 
served cessation, through the effect 
of this reaction (previous to the dis- 
covery of insulin), of progressive 
acetonemia which alkalies adminis- 
tered by the mouth had not succeeded 
in overcoming. 

Olmsted and Kahn recommend in 
diabetic coma that if, after 6 hours 
— 60 units of insulin having been 
given in 3 intravenous injections— 
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the blood alkali has not risen markedly, 
sdUium bicarbonate should be g^iven 
intravenously in doses of 25 to 50 
Gm. (% to 1 % ounces). 

When a patient is admitted to hos- 
pital in diabetic coma, blood and 
urinary sugar and acetone estimations 
are to be made as soon as possible, 
the urine being obtained by catheter- 
ization, if necessary. Meanwhile, the 
large bowel is evacuated with copious 
enemas. If sugar and acetone are 
present in large amounts in the urine, 
30 to 50 units of insulin are at once 
given subcutaneously. The blood and 
urinary sugar should be frequently 
estimated, because of the danger of 
hypoglycemia. To prevent the latter, 
30 to 50 Gm. (1 to 1% ounces) of 
glucose in 10 per cent, solution may 
be given intravenously or by rectum. 
If the patient is profoundly comatose 
the insulin may be given intravenously 
with the glucose. He usually regains 
consciousness in 3 to 6 hours. From 
this time on fluids and gluco.se may 
be given by mouth, if retained. The 
patient should be urged to take at 
least 200 c.c. (6% ounces) of fluid per 
hour. Next day, protein may be 
given every 4 hours, c.g., the white 
of 1 egg in 200 c.c. of orange juice. 
In 2 or 3 days, when ketone bodies 
have disappeared from the urine, fat 
is cautiously added, and the patient is 
slowly raised to a basal requirement 
diet. During coma, the patient is 
kept warm, and purgation and re- 
peated enemas given. Much fluid is 
administered — intravenously, subcu- 
taneously or by rectum. Signs of 
circulatory failure are met by appro- 
priate stimulation. Striking results 
follow such treatment, especially if 
begun early in coma. Cases compli- 
cated by severe infection, gangrene, 
pneumonia or intestinal intoxication 
may, however, recover from acidosis 
and coma but succumb to the com- 
plication. Banting (Proc. Internat. 
Conf. on Health Probl., 1924). 

The comatose patient should have 
a warm bed with blankets in place of 
sheets, and at least 4 hot-water bags 


should be kept on hand. A specimen 
of urine is to be tested for sugar and 
diacctic acid every hour until recov- 
ery. If a S('lf-retaining catheter is 
left in the bladder, methenamine, 10 
grains (0.6 Gm.), should be given 
every 4 hours for 3 doses. Gastric 
lavage should be performed to pre- 
vent or relieve gastric dilatation. 
Liquids by mouth must be given hot 
and not exceeding 100 c.c. (3% 
ounces) an hour. Liquids by rectum 
— salt solution, black coffee, or tap 
water — ^rnay be given every 2 hours 
for 2 doses and thereafter every 4 
hours. If the patient is dry, one 
should unhesitatingly give salt solu- 
tion subpectorally or, in the presence 
of i)ulnK)nary rales, under the skin of 
the thighs. If the intravenous route 
is preferred, give very slowly 250 to 
500 c.c. and no more until at least 1 
hour has elapsed. One c.c. (16 
minims) of adrenalin from a sterile 
ampoule may be added to the salt 
solution when the systolic pressure 
is below 90. Caffeine sodio-benzoate 
is injected subcutaneously, 5 grains 
(0.3 Gm.) every hour for 4 doses, and 
thereafter as indicated. 

The diet should not contain over 
50 Gm. of carbohydrate, 25 Gm. of 
protein, and 25 Gm. of fat in the first 
24 hours, unless warranted by unusual 
improvement. This is represented by 
oatmeal, 30 Gm. dry weight, equiva- 
lent to 500 Gm. of thin gruel; orange 
juice, 250 Gm. (juice of 2 small 
oranges); the whites of 5 eggs, and 
medium cream, 120 c.c. Broths, cof- 
fee, tea, or cocoa shells may be 
utilized as vehicles for the above. 

The insulin dosage depends upon 
an estimation of the probable number 
of hours the patient can live without 
insulin. If the expectation of life is 
24 hours, inject 20 units hourly until 
there is clinical improvement and 
sugar in the urine or blood is ap- 
proaching normal; if the expectation 
is 12 hours, inject 40 units in the 
same manner, changing to 20 units 
as the condition warrants; if the ex- 
pectation is only 6 hours, inje,ct 40 
units every hour until improve- 
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ment occurs. Further, no patient 
should come up to within 2 hours of 
death from coma without having re- 
ceived at least 150 units in the pre- 
ceding hour. Joslin (Boston Med. 
and Surg. Jour., Oct. 15, 1025). 

SURGICAL OPERATIONS IN 
DIABETICS.— In mild diabetes the 
indications for siirg-ical intervention 
are not essentially different from 
those appertaining to non-diabetics. 
It should be ])orne in mind, however, 
that the advent of infection in a dia- 
betic causes a promi)t and pronounced 
increase in the severity of the dia- 
betes, with diminished carbohydrate 
tolerance and a corresponding secon- 
dary increase in the severity of the in- 
fection. Both the hyperglycemia and 
acidosis are promoted, furthermore, 
by general anesthesia, with the result 
that the majority of operated cases of 
severe infection in diabetics, in the 
pre-insulin era, succumbed. An effi- 
cient preventive of such accidents is 
at hand, however, in insulin. If one 
can start with insulin before opera- 
tion one may be reasonably .sure that 
the patient will not die of diabetes. 
In some of these cases, when the 
infection has su])sided the diabetes 
proves to be of a mild grade, and the 
patient can be kept comfortable with- 
out continuing insulin. 

In emergency operative work in 
diabetics not j)rcviously ])rcpared for 
surgery, intravenous injection of 500 
to 1000 c.c. of a 5 per cent, solution of 
pure glucose, with 1 unit of insulin 
added for every gram of the sugar 
administered, will greatly reduce the 
risk. Fluids should be given freely. 
Preferable where possible, however, 
is postponement of the operation 
until, by diet and, if necessary, in- 
sulin, the blood sugar has been re- 


stored approximately to normal and 
an adequate reserve of glycogen in 
the tissues established. Intravenous 
injection of glucose and insulin is, 
further, advisable at the time of 
operation. 

Excluding premature degenerative 
changes, especially arteriosclerosis and 
myocarditis, diabetes, under careful 
control, does not materially increase 
operative mortality. In the prepara- 
tion for operation, hyperglycemia, de- 
hydration, ketosis, acidosis, under- 
nutrition, and depiction of the carbo- 
hydrate stores all require considera- 
tion. In emergency operations, maxi- 
mum amounts of insulin should be 
given during the time available before 
operation, to reduce the blood sugar. 
Dehydration, manifest in thirst and 
later in dry tongue and skin and the 
soft eye, calls for as much as 3 or 4 
liters of fluid for 2 or 3 days. Any 
well developed ketone intoxication 
should be actively treated by increase 
of carbohydrate and insulin. In 
severe ketosis, usually with infection, 
as much as 50 units of insulin, with 
enough glucose to control hypoglyc- 
emia, may be needed. Acidosis gen- 
erally clears up with the ketosis un- 
der insulin; if it is marked, alkali may 
be given, under control of the COa- 
combining power of the blood. Un- 
der insulin, any diet can he prescribed 
which may be needed to strengthen 
the debilitated patient. Thirty grams 
of carbohydrate may be given over 
and above the usual amount calcu- 
lated to prevent ketosis. Twenty to 
40 Gm. of glucose or other carbohy- 
drate and 15 units of insulin should be 
given 2 or 3 hours before the opera- 
tion. After operation ketosis may de- 
velop very rapidly and means must 
be taken to reestablish adequate car- 
bohydrate utilization, F. N. G. Starr 
and A. G. Fletcher (Surg., Gyn. and 
Obst., Feb., 1926). 

TREATMENT OF GANGRENE. 

— Dry gangrene in diabetes may be 
treated like the senile form of gan- 
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grene, ix,, by expectancy and antisep- 
tic dressings. As for moist, rapidly 
spreading gangrene, the only rational 
plan of treatment is to amputate early 
through the healthy tissues. Nitrous 
oxide-oxygen anesthesia should be 
used instead of ether or chloroform. 

If the patient is too weak to bear 
amputation and if the gangrene, 
though wet, is not spreading rapidly, 
it is sometimes possible to inhibit it by 
the use of douches of very hot, but dry, 
air (at 300" C.— 572" F.). These 
are not as painful as one would ex- 
pect, and are repeated twice a day. 
It then becomes possil)le to amputate 
the limb under safer conditions. 
Measures may be taken to promote 
circulation both in the involved and 
the as yet uninvolved tissues, such as 
massage, local warmth, or diathermy. 
Stetten has advocated Bier’s hyper- 
emia, the administration of sodium or 
potassium iodide for their absorbent 
properties, and nitroglycerin as an 
arterial dilator. Immersion in hy- 
pertonic salt solution is also advised. 

Five cases of moist gangrene of the 
leg and 1 of the scrotum, all in dia- 
betics, were completely cured by dia- 
thermy, irrespective of whether in- 
sulin was used or not. An 800 ma. 
current, with tin-foil electrodes, was 
used, each sitting lasting 30 minutes. 
Treatments were given 3 times weekly 
at first, then at longer intervals. 
Diathermy may preclude the need of 
amputation. Cluzct and Chevallier 
(Bull, de I’Acad. de medecine, Oct. 7 
1924). 

An important procedure is restora 
tion of the urine and blood sugar con- 
centration to normal by a suitable 
diet, together with insulin if indi- 
cated. Some advocate “feeding up” 
by an increase of the diet, including 
carbohydrate, to a level exceeding 
that for the uncomplicated diabetes, 


as much insulin being given as is 
needed for proper utilization of this 
diet. Insulin does not lower the mor- 
tality from gangrene as much as that 
from diabetic coma, but nevertheless 
has exerted indirectly, according to 
Rlotner and Fitz, a profound influence 
on the surgical problems involved by 
completely changing the dietetic 
management. 

Out of 73 cases of diabetic gan- 
grene, 13 were treated medically with- 
out insulin, with 3 deaths, and 40 sur- 
gically without insulin, with 10 deaths ; 
11 were treated medically with inSulin, 
with 2 deaths, and 9 surgically with 
insulin, with 1 death. Thus, of 53 
treated without insulin, 30 per cent, 
died, and of 20 receiving insulin, 15 
per cent. died. Except for some cases 
of superficial gangrene, however, 
there were few which healed spon- 
taneously under medical care alone. 
In brief, insulin permitted rapid de- 
sugarization before operation and a 
liberal diet in convalescence; patients 
were discharged sooner and in better 
condition. Blotner and Fitz (Boston 
Med. and Surg. Jour., June 24, 1926). 

Ill operating for diabetic gangrene, 
especial care as to asepsis should be 
ol^served, and the intervention car- 
ried out simply and rapidly, with a 
minimum of trauma. A careful pre- 
liminary study of the circulation in 
the involved limb should be made. 
Healing is often slow, although some- 
what accelerated by insulin. 

There is a definite and important 
prophylaxis of diabetic gangrene. It 
consists of the avoidance of minor in- 
juries (especially of the feet, as by 
tight shoes, stubbing the toes, or too 
thorough chiropody), of cold hands 
and feet, and of too sedentary a life. 
Warm foot baths may be taken and 
exercises of the toes and ankles car- 
ried out several times a day to en- 
hance circulation through the ieet. 
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COMPLICATING INFECTIONS. 

— Carbuncles and furuncles not in- 
frequently occur in diabetes. They 
should be treated by the methods in 
use for similar disorders in non-dia- 
))etic patients, with the added use of 
an ai)propriate diet, to^^ether with in- 
sulin when indicated. 

Accorcliiip: to Kinpf, boils in diabetics, 
when takeji early, may often be aborted 
b}'’ rubbiii};? in a 2 per cent, ointment of 
yellow oxide of mercury in lanolin. Where 
they persist, tonics, vaccine, antiseptics, 
free drainage, and sometimes excision arc 
valuable. In carbuncles, in cases where 
the tissues show but slight resistance, early 
excision is best. Kolii)inski, in carbuncle, 
favored precipitated sulphur, applied as a 
powder into the points of suppuration or 
ulceration, or used as an ointment with a 
cacao-butter base (1:8). In diabetic 
gangrenous ulcers llarzfeld found useful 
sodium perborate, applied as a powder, us- 
ually twice daily. 

Intercurrent infections such as 
rhinitis, pharyngitis, tonsillitis, bron- 
chitis, pneumonia, appendicitis, in- 
flammations of pyog-enic origin, etc., 
reduce the carbohydrate tolerance of 
diabetics and are prone to bring on 
acidosis and sometimes coma, even in 
mild diabetes. These further com- 
plications can be avoided by the ad- 
ministration of insulin, or an increase 
in its dosage where it is already being 
given. The condition of the urine and 
blood should be carefully watched 
and the amount of insulin adjusted 
according to indications. The carbo- 
hydrate intake should be maintained 
even where the appetite is poor, by 
giving such foods as orange juice, 
milk, bread and cereals, which em- 
body much carbohydrate in a rela- 
tively small bulk ; enough insulin 
should be provided to insure jiroper 
utilization of this carbohydrate ma- 
terial. 


In diabetes complicated by tuber- 
culosis or syphilis, insulin is of great 
importance. In the former disease it 
is especially valuable in permitting a 
more nourishing diet than could 
otherwise be utilized. Since it may 
produce a focal reaction, however, 
the initial dosage should be small. 

R. Lepine, 

Lyons, 

AND 

Central Staff. 

DIARRHEAL DISEASES OF 
INFANTS.— DEFINITION— In it- 
self diarrhea can be regarded as a 
symptom only, but it has long been 
customary and is still convenient to 
group under this name, used gener- 
ally, all those disorders in infancy 
which have as their chief symptom 
an increased motor and secretory 
activity of the intestinal tract. Such 
increased activity may, in a few in- 
stances, l)e the result of nervous im- 
pulses reflected through the central 
nervous system, but in the great ma- 
jority of cases it is occasioned by the 
presence of irritating material of a 
more or less noxious character in the 
canal. In many instances it must be 
regarded as one symptom only of a 
systemic intoxication arising from the 
absorption of the toxic products of 
pathogenic micro-organisms developed 
in the alimentary tract; a symptom 
important in itself, but not to be con- 
sidered apart from other symptoms 
of systemic disturbance, such as fever, 
quickened and enfeebled cardiac ac- 
tion, and nervous prostration. 

In some instances, diarrhea must be 
regarded as a symptom of Finkel- 
stein's “food intoxication,” a disturb- 
ance of metabolism due to the inges- 
tion of sugar and fat in larger 
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amounts than the infant’s digestive 
tract can manage. 

Inflammatory changes more or less 
extensive in character develop with 
varying promptness in the intestinal 
mucous membrane, in all the more 
severe diarrheas the result in some 
measure of the irritating character of 
the intestinal contents, but in a much 
greater degree due to a specific action 
of the bacterial toxins. Not infre- 
quently the bacteria themselves pene- 
trate the tissues of the intestinal wall, 
inducing destructive changes, aggra- 
vating the symptoms, and indefinitely 
retarding recovery. 

All diarrheas involve some impair- 
ment of general nutrition; in severe 
or prolonged attacks the emaciation 
may become extreme. 

Infants under the age of 30 months 
are peculiarly prone to diarrheal dis- 
orders; the mortality in New York 
City of infants under 2 years, from 
diarrheal diseases alone, exceeds the 
total number of all deaths from the 
infectious diseases of childhood 
(Holt). In them, to a much greater 
extent than in older children or in 
adults, has the disease a tendency to 
run a severe course, and to terminate 
fatally. For this reason the etiology 
and treatment of these disorders de- 
mand careful consideration. 

ETIOLOGY. — If we inquire into 
the causes which induce this special 
liability to diarrheal disease on the 
part of infants a few facts stand out 
prominently. 

The Season. — Diarrhea takes a com- 
paratively unimportant rank among 
infantile disorders during the cooler 
months of the year. With the onset 
of warm weather, however, diarrhea 
suddenly acquires importance, owing 
to the frequency with which it is en- 


countered, to its severity, and to its 
large mortality. This is evidenced by 
the statistics of all large cities in the 
temperate zones. Whenever the 
minimum temperature of the atmos- 
phere for the twenty-four hours 
reaches the neighborhood of 60*^ F., 
diarrheal disorders assume the charac- 
ter of a widespread epidemic, an epi- 
demic whicli reaches its height during 
the months of June, July, and August, 
and gradually subsides with the on- 
coming of cooler weather. Unques- 
tionably the depressing effect of high 
temperatures upon the nervous and 
especially upon the vasomotor system 
of the infant plays an important part 
in the etiology of these disorders. 
Much more important, however, is the 
effect of continued heat on the de- 
velopment of liacteria in food ma- 
terials which may be used for feeding 
the infant and especially in cows’ 
milk; of this we speak later on. 

It is probable that bacteria play a 
part in summer diarrhea, but the bac- 
terial toxicity of milk is not proved, 
and there is not any just analogy 
between the disorders due to toxic 
products in the milk which affect all 
persons alike and the condition of 
summer diarrhea of infants. I. A. 
Abt (Jour. Anier. Med. Assoc., Oct. 28,. 
1911). 

Czerny showed that accidental in- 
fections of nurslings can strongly 
affect nutrition. This kind of reac- 
tion may be initiated by vomiting with 
resulting loss of weight. Thus if an 
infant suffers from pyelitis of the re- 
lapsing type, or it suffers from fol- 
licular tonsillitis or grippe, gastric 
symptoms may he so prominent that 
the chief treatment may be dietetic. 
In these cases we may see constipa- 
tion, although as a rule the infection 
causes increased peristalsis and ex- 
cretion of mucus. The most common 
parenteral infections are grippe, pye- 
litis, furunculosis, phlegmons, imbili- 



72 


DIARRHEAL DISEASES, INFANTS (BLACKADER AND FRANCIS). 


cal infections, cerebrospinal meningi- 
tis, and pneumonia. These are all 
coccus infections which have a marked 
tendency to implicate the intestines. 
Bernheim-Karrcr (Correspond.-Bl. f. 
schweizer Aerzte, Mar. 17, 1917). 

In children suffering from gastro- 
enteritis or atrophy, 23 out of 26 gave 
a definite intradermal reaction to lac- 
talbumin of the cow. Three reacted 
positively to caseinogen. The much 
greater reactivity to lactalbumin is 
in agreement with the observation 
that almost all allergic milk reactions 
proceed better with lactalbumin than 
with caseinogen. Greer (Arch, of 
Pediat., Nov., 1917). 

The usual procedures of examina- 
tion of gastric contents, stools, and 
the urine fail in many instances to 
supply the information necessary for 
a successful management of the pa- 
tient. Several years ago the writer 
began X-ray studies of all cases that 
were difficult. In 57 patients the 
conditions found in the stomach 
scries were dilatation, ptosis, pyloric 
spasm, pyloric obstruction (organic), 
and hypcrtonicity. In the study of 
the stomach and .small intestine a 
mixture of bismuth, 1 part, to 8 
parts of farina or cream of wheat 
gruel was fed to the child, and the 
radiogram taken at intervals subse- 
quently. For the study of the large 
intestine a barium mixture was in- 
troduced into the lower bowel and 
after reverse peristalsis had carried 
the medium through the large intes- 
tine to the cecum, the radiogram 
was taken. The symptomatology of 
the stomach cases consisted in .stom- 
ach pain (moderate or extreme colic), 
vomiting at intervals, rumination, crib- 
bing, accumulation of gas (moderate 
or excessive), habitual loss of appetite, 
convulsions, chronic urticaria, secondary 
anemia, and failure to grow. The intes- 
tinal abnormalities included the follow- 
ing: Dilatation of the colon, localized 
sacculations of the colon, ptosis of the 
colon, adhesions of the colon, sac- 
culations of the cecum, sacculations 
of the sigmoid, dilatation of the sig- 
moid, dilatation of the rectum, rectal 


prolapse, and abdominal tuberculosis. 
The intestinal symptomatology in- 
cluded abdominal distension, chronic 
constipation, chronic diarrhea, intes- 
tinal colic, interval vomiting, persist- 
ent slight elevation of temperature, 
secondary anemia, developmental de- 
fects (physical), and mental irrita- 
bility. With dilatation and saccula- 
tions of the sigmoid one was very 
apt to find derangements of peristal- 
sis in the stomach which sometimes 
amounted to dystalsis; the peristal- 
sis did not begin at the cardiac end 
of the stomach and proceed rhyth- 
mically, and there resulted a pyloro- 
spasm. C. G. Kcrley (Med. Rec., Jan. 
25, 1919). 

The writer, summoned to Waterloo, 
60 miles from Montreal, encountered 
therein an epidemic of hemorrhagic 
diarrhea due to the Streptococcus muco- 
sus. The first case occurred on 
March 22d, 5 on the following day, 
and after that the number had in- 
creased to 65 in the town itself and 
there were other cases within a short 
radius. Adults composed about one- 
fourth the entire number. The larger 
proportion of cases, however, occurred in 
children under the age of 6 years. The 
attack began abruptly with high fever, 
nervous symptoms, and vomiting, and 
diarrhea set in early. Mucus and 
blood appeared in the stools and the 
amount increased rapidly as the stools 
became more frequent, and in the 
severe cases seemed to form almost 
all of the stool. Blood was a prom- 
inent feature in the stools in sixty 
per cent, of the cases. The attack 
lasted from a few days to 12, 14 or 
even 21 days. The temperature in 
the severe cases went as high 
as 106° (41.1° C), while in the milder 
cases it was comparatively low, 100° 
or 102° F. (37.8° or 38.9° C). In a 
few cases there was no rise above nor- 
mal. Notwithstanding the severity of 
the cases no deaths occurred. Exam- 
ination of the stools in one case 
showed large numbers of chains of 
Streptococcus encapsulatus, and about 
an equal number of colon bacilli. 
There were very few other bacteria. 
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There were no organisms of any of 
the types of Bacillus dysentericc. In a 
second case examined there were large 
numbers of the Streptococcus muco- 
sus. In searching for the origin of 
this epidemic an inspection had been 
made of the milk supply, but a care- 
ful study of the situation seemed to 
eliminate milk as the source of infec- 
tion. The water supply came from 
springs and several of these were 
thought to be insufficiently protected 
against contamination. The epidemic 
occurred after a few days of pro- 
nounced warm weather when the 
snows were melting rapidly on a frozen 
soil. 

The presence of such large numbers 
of the Streptococcus mucosus, as- 
sociated with other streptococci and 
equal numbers of colon bacilli, and 
the absence of any Bacillus dysen- 
tcrice, indicated that the streptococcus 
must be regarded as the chief organ- 
ism causing the epidemic. A. D. Rlack- 
ader (Trans. Amer. Pediat. Soc. ; N. Y. 
Med. Jour., Dec 18, 1920). 

The writer ascribes to the Welch 
bacillus the phenomena of toxic gastro- 
enteritis in infants. Its spores are in- 
troduced by the milk, and it develops 
a poison in the presence of sugars, 
probably in vivo as well as in vitro. 
Therefore he deems it rational to ex- 
clude carbohydrates from the food in 
such conditions. Jorgensen (Jahrb. f. 
Kinderheilk, Dec., 1925). 

Age. — An investigation of the age 
of children thus attacked reveals the 
fact that the great majority are under 
2 years. Holt recorded statistics of 
3000 cases of diarrhea treated in fam- 
ily and dispensary practice, classified, 
according to age. These showed that, 
of the total number, infants under 6 
months formed 14 per cent.; infants 
from 6 to 12 months, 29 per cent. ; in- 
fants from 12 to 18 months, 24 per 
cent; infants from 18 to 24 months, 
17 per cent., and children over 2 years, 
16 per cent. In France, Lesage .places 


the age of special liability as under 18 
months, and regards the first three 
months, and the period between the 
eighth and ninth months, when wean- 
ing is generally commenced, as spe- 
cially dangerous. 

Overfeeding and Indigestible and 
Contaminated Food. — It is the experi- 
ence of every physician who has kept 
a record of his cases that fatal, or 
even severe, cases of diarrhea among 
infants fed* entirely at the breast are 
extremely rare. Holt emphasized this 
when he said that of 1943 fatal cases 
of which he had collected records only 
3 per cent, were breast-fed exclu- 
sively. He referred the partial im- 
munity which, according to his statis- 
tics, infants under 6 months enjoy 
to the; fact that the great majority 
of such are breast-fed, and in this way 
obtain a sterile and digestible food with 
little liability to overfeeding. With 
the commencement of artificial feeding, 
gastrointestinal disorders at once ac- 
quire prominence. Too often the food 
substituted for breast-milk is difficult of 
digestion, defective in composition, and 
given to. the infant at too frequent 
intervals or in too large amounts, 
thus setting up indigestion and weak- 
ening the resistance of the intestinal 
tract to infection; nevertheless, as the 
experience of all testifies, the material 
supplied as food to the infant may be 
of a most faulty character, giving rise 
to indigestion, colic, and' malnutri- 
tion, and yet during the cool season 
diarrhea, except of a temporary and 
easily controlled form, is rarely met 
with. 

The carbohydrates, especially sugar, 
have more lately been incriminated 
as prominent causes during warm 
weather. 

For the chief exciting cause, there- 
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fore, of the severer diarrheas of in- 
fancy we must look farther, and such 
a cause, it is now generally conceded, 
exists in the development in the in- 
testinal tract of toxin-producing bac- 
teria introduced for the most part 
with the infant’s food. The most 
important ingredient of an infant’s 
food is milk, and this is particularly 
liable to be contaminated from many 
sources. Even in winter the average 
dairy milk is loaded with micro- 
organisms, but their development is 
checked by the low temperature. 
With the approach of summer, how- 
ever, and the raising of the tempera- 
ture at which milk is kept to 60° F., 
tnultiplication of these organisms takes 
place with great rapidity. 

The management of the diet is the 
most important factor in treatment. 
The first step is the immediate and 
complete withdrawal of food at the 
beginning of the attack. The second 
step is the removal of any rood al- 
ready in the intestines. Castor oil or 
magnesia are advised to accomplish 
this. If there is vomiting, it may be 
necessary to wait for its subsidence 
before giving the purgative. A large 
intestinal douche can, however, be 
given at once. The length of the 
period of starvation depends upon the 
case. A breast-fed baby may be kept 
from suckling for 24 hours. Bottle- 
fed babies usually reriuire a longer 
time. Water should be given freely, 
and it is often a great relief to the 
mind of the mother if she is allowed 
to use barley water. So long as the 
fever remains, showing that an infec- 
tion is still present, resumption of the 
milk diet should be delayed. When 
it is started, it should be given in 
small quantities, diluted and preferably 
skimmed, and the return to the origi- 
nal strength should be made gradu- 
ally. An excess of fat or sugar may 
cause diarrhea. Broths thickened 
with starchy substances or even thick 
porridges are of great value when 


the time for the return to food has 
come and the action of the milk is 
feared. In obstinate cases it is some- 
times best to abandon the milk mix- 
ture and to use whey, casein milk, 
buttermilk, or the like. The thick 
gruels are very valuable as foods. On 
account of the starch, it is not advis- 
able to continue their use over long 
periods. On account of the danger 
of relapse and recurrence restriction of 
the diet should be continued for the 
duration of hot weather. Gain of 
weight in these cases becomes of 
minor importance for the time. Acid- 
osis is one of the great dangers dur- 
ing diarrhea. J. P. Crozer Griffith. 
(Arch, of Pediat., Aug., 1920). 

In the adult the acidity of the gas- 
tric juice and the more complete 
digestion of the food in the stomach 
check the development of micro- 
organisms before the food enters the 
intestinal tract. Traube and Esch- 
erich have shown that in the infant 
stomach this inhibitory action is, to 
a great extent, wanting. During the 
digestive act there is no free hydro- 
chloric acid in the infant’s stomach. 
Both digestion and absorption take 
place more imperfectly in the stom- 
ach of an infant than in that of an 
adult and the food is quickly passed 
on into the small intestine, where it 
meets the bile and the alkaline secre- 
tions of the duodenum. There is now 
practically no hindrance to the de- 
velopment of injurious bacteria, ex- 
cepting in the rapidity and complete- 
ness with which the digestive process 
is performed. Imperfect digestion, 
always slow digestion, therefore, by 
permitting fermentative changes fur- 
nishes the conditions under which 
pathogenic bacteria, introduced by 
means of contaminated food, or pres- 
ent in the canal, but previously hin- 
dered in development, may flourish 
and evolve their poisonous toxins. 
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Booker, to whom the medical 
world is indebted for a careful in- 
vestigation of this subject, states 
that in infantile diarrhea the condi- 
tions for the development of bacteria 
in the intestinal canal appear to 
differ from those ol)taining in the 
healthy intestine. 'Phe bacterial forms 
present a greater variety; forms 
met with only occasionally and in 
small numbers in the healthy in- 
testine arc now much more pro- 
nounced, and frequently appear in 
immense numbers, while the Dacilhis 
coli communis and the Bacillus laciis 
acrogcncs become more uniformly 
distributed through the intestine. No 
single species of micro-organism is 
met with sufiiciently frequent to be 
icgarded in itself as tlic specific 
cause of diarrhea; but among the 
many forms encountered several va- 
1 ieties of streptococci and the Proteus 
7'iilyaris appear to lie of s])ccial im- 
])ortance. The streptococci are met 
with frcctuently; rarely seen in the 
stomach and upper part of the small 
intestine, they become much more 
abundant in the lower ileum and 
colon, especially in those cases where 
ulceration of the mucosa is going on. 
So constantly and in such large num- 
htrs are they found in these cases 
that it is reasonable to suppose that 
they play an active and important 
role in the ulcerative process. Of 
the Proteus vulgaris, Hooker says that 
it is found in more than half of the 
severer causes of diarrhea; in the 
milder forms it is seldom seen. Cases 
in which . this bacillus abounds pre- 
sent a different type of symptoms to 
those in which streptococci prevail; 
the patients more frequently show 
toxic phenomena and have watery 
or semifluid stools with a strong, of- 


fensive odor, but otherwise exhibit 
little evidence of serious inflamma- 
tory troul)lc in the intestine. More 
recently considerable attention has 
been devoted to an investigation of 
the Bacillus dyscntcrue and the part 
it plays in the production of dysen- 
tery. It was first studied by Shiga, 
and afterwards by Flexner in the 
Philippine Islands, both of whom 
found it present in such a large pro- 
portion of the diarrheas of the East 
as to suggest a causal relation. Two 
distinct and important varieties have 
been noted, which have been named 
after these two investigators. More 
iccently it has been recognized as 
present in a larger number of the 
dysenteric diarrheas in this country. 
A careful investigation at the Rocke- 
feller Institute in 1903 of 412 cases 
of summer diarrhea showed the pres- 
ence of this micro-organism in 270 
cases. It was almost invariably 
found to be present in those cases 
characterized by the presence of mu- 
cus and blood in small quantities. 
Associated with this bacillus are 
numerous streptococci and bacilli of 
the colon group. Among other 
forms of bacteria possessing patho- 
genic properties encountered we may 
mention the Staphylococcus pyogenes, 
the Bacillus pyocyancus, the Bacillus 
mescniericus, and the Bacillus enteritis- 
dis (Gartner). Such forms probably 
more or less modify the symptoms. 

Clinical value of fruit juices, espe- 
cially orange, grape, apple and peach 
juices, emphasized. Zahorsky (Mo. 
Stale Med. Assoc. Jour., Aug., 1920). 

The disturbance of nitrogenous meta- 
bolism caused by intestinal microbes in 
nurslings is relatively slight. The only 
striking change caused by the mixed 
flora was a marked fermentation of 
utilizable carbohydrates, with rapid 
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formation of acid — principally lactic. 
Kendall, Day and Walker (Jour, of 
Infect. Dis., Alar., 1926). 

Depressed Vitality. — Wc may add 
that all condition.s which lower the 
vitality of the infant favor gastro- 
intestinal disturbance and impair the 
infant’s resistance to infection. The 
intense heat of summer, especially 
when associated with great humid- 
ity, exerts a depressing action upon 
the nervous system of the infant, 
particularly upoti the vasomotor sys- 
tem, and must, wc think, be regarded 
as an important predisposing cause. 
Defective hygienic conditions, previ- 
ous acute disease, aifd malnutrition 
in all its forms, cs])ecially if associ- 
ated with rachitis, wsyphilis, and tu- 
berculosis, act in this way. All forms 
of overexcitement, the nerve irritation 
often accomi)anying denitition, and re- 
flex impulses arising from undue ex- 
posure of the lower limbs and often 
the abdomen of the infant to variations 
in tem])erature have all a disturbing in- 
fluence in digestion, and may, there- 
fore, be regarded as predisposing 
causes of diarrhea. Still more, if these 
conditions continue, or are frequently 
induced, this repetition of “insults to 
the intestinal mucosa” (Flexncr) ren- 
ders the intestine particularly liable to 
bacterial invasion. 

MORBID ANATOMY.— The ana- 
tomical lesions met with in the intes- 
tinal tract of the infant, as the result of 
diarrhea, are of a varied character, and 
are due, apparently, to the intensity of 
the irritant and the period of time dur- 
ing which its action has persisted. Nev- 
ertheless, it must be acknowledged that 
there is frequently a surprising want of 
relation between the post-mortem evi- 
dence of disease and the severity of the 
clinical phenomena, and vice versa. At- 


tempts have been made at a classifica- 
tion, but it is generally admitted that, 
although cases may be grouped accord- 
ing to the prominence attained by cer- 
tain lesions, no distinct dividing lines 
can be drawn. 

In the acute cases the lesions may be 
comparatively superficial. In such to 
the naked eye the stomach and upper 
])ortion of the small intestine appear 
almost normal ; toward the lower end of 
the ileum and throughout the colon, in- 
dications of inflammatory disturbance 
may be seen; as a rule such are spe- 
cially pronounced in the region of the 
sigmoid flexure. If the attack has been 
.severe, irregular patches of local con- 
gestion arc seen, with more or less 
swelling and hy|iercmia of the solitary 
glands and of Peycr’s ])atches. Under 
the microscope hardened sections of the 
intestinal wall .show in places loss of 
.superficial epithelium, due, in great 
mea.su re, to the irritative action of the 
toxins generated by the bacteria. Wher- 
ever this erosion has taken place an in- 
vasion of the mucosa may follow. This 
condition is especially noticeable to- 
ward the lower j^ortion of the ileum and 
over the whole of the colon, where a 
considerable infiltration of the mucosa 
may frequently be seen. In a few in- 
stances signs of an acute general infec- 
tion are presented by fatty degeneration 
and necrosis of cells in the liver, by the 
presence of lobular pneumonia, and by 
necrosis of the epithelium in the convo- 
luted and irregular tubules of the 
kidney. 

The result of experiments by the 
writer shows that the glycolytic 
power of the tissues of the nursling 
is relatively high, since the quantity 
of sugar so convertible varied be- 
tween SO and 80 cm. per kilogram 
of weight, while the liver arrests only 
about 4 or 5 Gm.; that inversely with 
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what is observed in the liver the 
glycolytic power of the tissues re- 
mains about constant, whether the 
experiment be made upon a healthy 
infant or upon one suffering from 
gavStroentcritis; that, consequently, it 
is not necessary to take into account 
this possible source of error in in- 
vestigating alimentary glycosuria in 
the nursling. Terrien (Revue men- 
suelle dcs mal. de I’enfance, Jan., 
1901). 

The urinary findings in a scries of 
infants under constant observation in 
hospital wards showed that in 22 the 
urine was abnormal; it contained 
albumin and occasionally hyaline casts 
as the only pathological element in 7 
instances (febrile or toxic albumin- 
uria) ; in 7 others the presence of pus 
cells w’'as the chief characteristic 
(pyuria-pyelitis) ; in the remaining 8 
cases albumin, casts, and pus were 
all present, indicative of nephritis or 
pyelonephritis. The urinary changes 
were more freciuent in ileocolitis than 
in dyspeptic or fermcntal diarrhea, 
though the extent of renal involve- 
ment seemed to depend less on the 
variety of the intestinal infection and 
more on its intensity. The pyuria 
persisted in some instances without 
apparently interfering with convales- 
cence; in others it yielded to uro- 
tropin, and in still others it developed 
into a serious and fatal complication. 
The infection seemed to have its 
origin in the intestinal canal, whence 
it reached the kidney either through 
the blood- or lymph- streams or by 
contiguity of structure. There was 
no evidence of involvement of the 
urethra or bladder or of ascending 
infection. The few autopsies made 
indicated clearly that although the 
kidneys frequently escape injury dur- 
ing enteritis, they become the seat 
of extensive secondary changes in 
this as in other forms of infection. 
The renal changes during intestinal 
diseases in infections seemed to be 
those of degeneration (parenchyma- 
tous, hyaline, and fatty) of the con- 
voluted tubules rather than those of 
focal infection. In 19 cases suffering 


from ailments other than intestinal 
infection, and for the most part less 
acute in character, no urinary abnor- 
malities were discernible. J. H. M. 
Knox and J. C. Meakins (Arch. Int. 
Med., vol. ii, p. 241, 1908). 

Hohlfcid, in a number of investiga- 
tions, found that in the majority of 
fatal gastroenteric cases the urine 
contained albumin and a few casts. 
In 35 autopsies the changes in the 
kidneys were found to be parenchy- 
matous. IJe believes that toxemia 
and kidney irritation react on each 
other and offer a bad prognosis. 
Chapin, in 86 cases, records 75 as 
having albumin and casts in the 
urine; also the majority of the fatal 
cases had albumin in the urine. The 
authors tested the urine in 300 babies 
suffering from gastrointestinal con- 
ditions. The writers conclude that the 
pathological condition in the kidneys 
does not progress beyond cloudy swell- 
ing or acute hypeiemia. There was 
nothing to suggest any relation be- 
tween the kidneys and stupor, restless- 
ness and convulsions. These they believe 
are due to toxemia and not to uremia. 
J. L. Morse and Bronson Crothers 
(Arch, of Pediatrics, Aug., 1909). 

In cases of acute intoxication the 
writer found that the intestinal mucosa 
contained a poison which, on injection 
in animals, produced depression and 
narcosi.s, anorexia, circulatory failure, 
diarrhea, and sometimes convulsions 
and death. Young animals were espe- 
cially .susceptible to it. Crystals re- 
sembling those of the dipicrale of beta- 
iminazolylethylamine were obtained 
from the mucous membrane; on pro- 
longed boiling with alcohol to restore 
their basic character these became 
highly toxic to animals. Previous de- 
hydration of an animal made it more 
susceptible to the poison. Portal blood 
from patients was also very toxic to 
animals ; systemic blood, less so. Boiled 
extracts of fresh stools proved non- 
toxic. G. L. Boyd (Arch, of Int. Med., 
Feb., 1923). 

In another class of cases the inflam- 
matory changes are more pronounced. 
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In a proj)ortion of these the lesions may 
be described as catarrhal in character. 
The macroscopic chan,i(es care, to a .e^reat 
extent, confined to the lower end of the 
ileum and to the colon, where the con- 
gestion may he very marked ; in some 
cases quite general ; in others localized 
in jiatches. The lymph-nodules arc en- 
larged and can frequently be seen with 
commencing ulceration at their summit ; 
Peycr’s patches are swollen and hyper- 
cmic. Under the microscojie hardened 
sections from the stomach and the small 
intestine reveal marked cloudiness of 
the epithelial cells, and in places loss of 
superficial epithelium. The connective 
tissue of the villi and that supporting 
the glands of Lieherkiihn arc more or 
less densely infiltrated. The ducts con- 
tain an excess of goblet-cells and are 
distended with mucus. The loss of su- 
perficial epithelium is extensive through- 
out the colon. Associated with it is a 
more or less dense infiltration of the 
mucosa, an infiltration which, in jilaces, 
may extend even to the muscular coat. 
Should the duration of the attack be 
further protracted, ulceration may su- 
pervene, chiefly in the colon, rarely in 
the lower portion of the ileum. Such 
ulceration is, for the most part, super- 
ficial, rarely extending deeper than the 
mucosa. The ulcers, in general, are cir- 
cular, but in the more severe cases sev- 
eral ulcers may coalesce, forming large, 
irregular patches, two to three inches in 
diameter. 

In the cadavers of 10 infants the 
inflammation in the intestinal mucosa 
had been mainly restricted to the ileo- 
cecal valve. It rarely extended into 
the small intestine and then but a 
short distance. In the large intes- 
- tine the inflammation spread more. 
In a few cases there was slight in- 
flammation in the duodenum, but, as 
a rule, the small intestine was free 


from any decided inflammation. The 
superficial epithelium and the glands 
were generally in good order. C. E. 
Bloch (Jahrbuch f. Kinderheilkunde, 
Bd. Iviii, No. 5, 1905). 

In another group of this class the 
intensity of the inflammation appears 
to fall chiefly upon the lymph-nodules, 
which throughout the colon, and espe- 
cially in the neighborhood of the sig- 
moid flexure, show indications of a 
destructive inflammation. Under the 
microscope they are seen to be swollen 
and infiltrated, many showing focal 
necroses. The surrounding tissues are 
deeply infiltrated with lymphoid cells. 
In time they break down, forming small, 
but deep ulcers, with overhanging edges, 
exhibiting a tendency to extend chiefly 
in the submucous tissue. In a few cases, 
fortunately rare, the inflammation of 
the colon is of such an intense fibrinous 
character as to lead to necrosis with the 
formation of pseudomembrane. 

A blood change which stands out 
prominently is the relative increase in the 
polymorphonuclears and the decrease in 
the lymphocytes. This is of importance, 
because it is found to be of value in 
prognosticating the severity of the 
attack. A marked increase in the 
number of polynuclear leucocytes means 
that the child is badly poisoned, what- 
ever the other signs may indicate. J. 
Zahorsky (N. Y. Med. Jour., Sept. 12, 
1903). 

Determinations of the II ion concen- 
tration and of the tryptic and amylase 
activity in 49 specimens of the gastric 
contents from normal infants and 
others convalescing from diarrhea 
showed that diets of some form of lac- 
tic acid milk increased the gastric 
acidity. There was, however, very 
little evidence that either these diets or 
the resulting increased gastric acidity 
destroyed many organisms in the 
stomach. The acidity of specimens 
collected less than 6 hours after a meal 
was higher than that of the specimens 
obtained later. Elevation of the body 
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temperature and the presence of vomit- 
ing increased the gastric acidity. Prac- 
tically no difference could be found in 
the reaction or cultures of the gastric 
contents of normal infants and of those 
convalescent from diarrhea. Davison 
(Am. Jour. Dis. of Childr,, July, 1925). 

CLASSIFICA TION.— Attempts 
have been made at a classification of 
diarrheal disorders, based either upon 
the changes found post mortem in the 
intestinal canal or upon the bacterio- 
logical conditions met with in the dis- 
charges, but in both respects our knowl- 
edge is still too imperfect to permit us 
from it to draw dividing lines in a satis- 
factory manner. Attempts have also 
been made to recognize certain clinical 
types of the disease, but it must be 
admitted that our clinical types have no 
sharp dividing lines, and, both in the 
group and in the individual, they show 
a tendency to pass from the milder into 
the more severe form. 

Two classifications, which rest 
partly on a pathological and partly upon 
a clinical basis, are worthy of mention. 
One is that of Lesage, who groups 
the acute cases of infantile diarrhea 
into three classes. In the first he in- 
cludes all those which are due to the 
presence in the infant’s food, whether 
breast- or cows’ milk, of irritant sub- 
stances not the result of fermentation 
in the milk. These diarrheas arc gen- 
erally of a mild type and quickly 
controlled. In a second group arc 
placed those cases where the dis- 
turbance is due to fermentation in the 
stomach or intestinal canal of indigest- 
ible, but at the same time more or less 
sterile, food. The constitutional in- 
toxication in these cases is due to the 
abnormal development and some 
times increase in virulence of bac- 
teria previously existing in the canal 
(endogenous) . These cases, although 


sometimes severe, generally run a 
comparatively mild course. The 
third and largest group contains 2^11 
those cases in which the diarrhea is 
due to bacteria and their toxins pres- 
ent in the milk administered as food 
to the infant (exogenous). The con- 
stitutional symptoms met with in thi.*^ 
class are frequently of the severest 
type. 

Booker also groups the acute cases of 
diarrhea met with during summer into 
three classes. In the first he places all 
cases of a dyspeptic and non-inflamma- 
tory character. In these the stools are 
lump3% acid, and contain no leucocytes 
or epithelial cells ; the bacteria are only 
those of normal healthy motions, and 
the diarrhea is of a mild form and, for 
the most part, easily controlled; how- 
ever, if neglected, it shows a tendency to 
take on the characters of one of the two 
succeeding classes. The second group 
is characterized chiefly by symptoms of 
a systemic intoxication, with which is 
associated a variable amount of local 
inflammation; the stools arc frequent, 
much altered in color and consistence, 
and contain curds and an increase of 
mucus. Seldom any one form of bac- 
teria is so greatly in excess as to exclude 
the influence of other forms. In a third 
group of cases local inflammatory symp- 
toms are prominent ; the stools are fre- 
quent, contain much mucus, and some- 
times blood; streptococci are found in 
predominating numbers, although other 
forms of bacteria are also present. In 
the more severe cases an invasion of the 
tissues of the intestinal wall by bacteria 
takes place, and in many instances more 
or less extensive ulceration of a sup- 
purative character may be found post 
mortem. There is, according to Booker, 
a considerable difference in the clinical 
course run by the individual, cases in 
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this group ; some patients respond read- 
ily to treatment, while others are little 
influenced and steadily grow worse, 
until the disease terminates fatally. 
Booker thinks that this may possibly be 
due to the fact that the streptococci met 
with are of more than one variety. 

While typical instances of these three 
groups may be easily recognized, there 
are many transitional cases which do 
not fall into any one of them, and are 
probably due to a more mixed infection 
in which no one micro-organism is es- 
pecially predominant. 

This classification of Hooker’s cor- 
responds clinically very closely with 
that of Holt, who, however, lays more 
emphasis on the anatomical post-mortem 
changes. 

To these groups we must add a 
fourth, comprising those cases which 
assume a chronic type, and are not in- 
frequently met with as the sequelae of 
one of the preceding forms. With this 
group, as with the others, we can draw 
no definite dividing line separating it 
sharply from the more acute cases. Holt 
terms those cases chronic which have 
persisted longer than six weeks. Some 
cases, however, beginning acutely, as- 
sume the type of chronicity sooner even 
than this. In these the activity of the 
inflammation subsides, the appetite par- 
tially returns, but the diarrhea though 
lessened persists; in some maintained 
by a varying amount of ulceration of 
the intestinal wall ; in others by a more 
or less atrophic condition of the intes- 
tinal glands. In the latter case the 
progressive emaciation indicates how 
serious is the interference with the proc- 
esses of digestion and absorption. 

These somewhat provisional groups 
may be tabulated as follows : — 

1. Functional diarrheas non-inflam- 
matory in character. 


2. Inflammatory diarrheas in which 
the symptoms of a toxic systemic infec- 
tion are predominant. 

3. Inflammatory diarrheas in which, 
in addition to the systemic infection, the 
symptoms of an acute local inflamma- 
tion have a prominent part. 

4. Chronic diarrheas in which the 
acute inflammatory symptoms have 
more or less subsided, but in which the 
stools remain abnormal, both in charac- 
ter and frequency, and emaciation is apt 
to supervene. 

FUNCTIONAL DIARRHEAS.— 

Many cases of infantile diarrhea are 
met with which must be regarded as 
functional rather than inflammatory in 
character. During dentition a moderate 
increase in peristalsis and secretion is 
sometimes noted which it is difficult to 
attribute to any fault in diet, and which 
promptly subsides on the eruption of 
the teeth. In a few instances a similar 
condition may be induced by impulses 
acting through the nervous system, such 
as fright, overexcitement, and a sudden 
chill to the surface of the body. At 
other times these same causes act chiefly 
by disturbing digestion. Substances also 
may occasionally be given as food to the 
infant which act as direct mechanical 
irritants to the sensitive mucous mem- 
brane of the alimentary tract. 

In this group are also to be placed 
many diarrheas met with in breast-fed 
infants, where, owing to a faulty dietary 
or mode of life, or to a nervous over- 
strain on the part of the mother or 
nurse, the breast-milk becomes altered, 
resulting in either gastric or intestinal 
indigestion in the infant, followed by 
diarrhea. The time of weaning is apt 
to be associated with a similar irritabil- 
ity. This liability is still further in- 
creased by all conditions which lower 
the tone of the nervous centers. 
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Symptoms. — In some instances the 
diarrhea may commence quite sud- 
denly with large, more or less fluid 
motions, containing, besides fecal mat- 
ter, considerable undigested material. 

In other cases symptoms of gastric irri- 
tation and abdominal pain precede, for 
some hours, the diarrhea. Examination 
of the infant generally reveals a mod- 
erate amount of pyrexia: 100° to 103° 

F. (37.8° to 39.4° C.) ; rarely does the 
temperature run higher, except in 
cases of sudden onset with severe 
gastric disturbance. Slight abdomi- 
nal distention may often be noted. 
The stools are frequent, thin, usually 
sour-smelling, and of varying color. 

In young infants on an exclusive milk 
diet they are, in general, of some 
shade of green and of a distinctly acid 
reaction; occasionally, however, they 
are gray or chalky in color and frothy 
in character. In older infants on a 
more mixed diet the stools may have 
no uniform color, but be in part green 
and in part some shade of brown. Un- 
digested food is always present in the 
form of casein masses, or smaller and 
softer masses, consisting of fat curds or 
soap. Examination of the stools under 
the microscope reveals only those forms 
of bacteria met with in normal feces. 
The infant is peevish and may either re- 
fuse its food altogether or drink greed- 
ily only to allay its feverish thirst. 
Should the pyrexia run high, nervous 
symptoms may manifest themselves, 
e.g., twitching of the limbs, great rest- 
lessness, and wakefulness. 

Food fever in children consists of 
an attack of fever which conies on 
suddenly, is accompanied by signs, 
more or less pronounced, of digestive 
disturbance, lasts in its acute form 
for several days, and may linger on 
in a modified degree for some weeks. 

If the attacks occur frequently, once 

4—6 


a month or so, their effect upon the 
nutrition of the patient is highly in- 
jurious. The subjects of the com- 
plaint are usually neurotic children of 
either sex between the ages of 3 or 4 
and 10 or 12 years. The attack be- 
gins wdth headache, sometimes with 
vomiting, sometinies with diarrhea. 
The temperature rises to from 101° 
F. to 105° F. (38.3° C. to 40.5° C); it 
is usually reduced by a dose of calo- 
mel, but rises again. Smith (Brit. Med. 
Jour., Feb. 10, 1906). 

'‘Soapy stools" indicate always some 
chronic disturbance in the absorption 
of fat. At the same time the splitting 
of the fat proceeds unhindered, and 
there cannot be much acidity or in- 
creased peristalsis or catarrhal irrita- 
tion. liecht (Miinch. med. Woch., 
May 12, 1908). 

Large curds in infants’ stools are 
composed of some protein (probably 
casein or one of its derivatives) 
wdiich, on coagulating, entangles the 
milk fat in its meshes. The amount 
of fat in the curds depends on the 
amount of fat in the milk, and as this 
fat increases it replaces the protein 
in the curd. The presence of large 
curds, which has been taken by some 
investigators to indicate an increase of 
gastric II Cl, can with as great prob- 
ability be interpreted as indicating a 
lack of HCl. Talbot (Boston Med. 
and Surg. Jour., June 11, 1908). 

Diarrhea in the breast fed the first 
days of life may be due, according to 
Marfan, to hypersensitization of the in- 
testine to the maternal milk. The 
affection is not grave, never inducing 
marasmus. Toasted bread tea, Le., 
toasted slices of wheat bread ground 
and sifted, 2 teaspoonfuls boiled in 100 
Gm. (3% ounces) of weak tea sweet- 
ened with a little sugar or saccharin, is 
given before each feeding 4 or 5 times 
a day. Improvement occurs in 2 or 3 
days. By the second to the fourth day 
there are no more than 3 or 4 stools 
daily. The infant regains appetite and 
gains in weight. This method of feed- 
ing was sometimes continued by the 
writer until the infant was 3 months 
old. The breast feeding was nlever in- 
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terruptcd. Bytsch (Nourrisson, Jan., 
1926). 

The attack in this type of the disease 
is generally of l)rief duration. After 
the diarrhea has continued for twelve or 
twenty-four hours the temperature gen- 
erally falls; nervous symptoms, if pres- 
ent, pass away; the motions in a few 
days hecomc less fre([uent and gradually 
resume their normal a])pearance, and 
the desire for food becomes more im- 
perative. 

Diagnosis. — At the onset, unless 
from the history of the case, it is im- 
pos.sible to predict with certainty just 
what we may have to deal with. It 
must be remembered that symptoms 
similar to the al)ove may not infre- 
quently usher in a severe constitutional 
disorder. 

Prognosis. — Simple functional diar- 
rhea, unless in infants of the weak- 
est constitution, can never be regarded 
as presenting much cause for anxiety. 
The danger lies in neglect. An injudi- 
cious dietary, especially in hot weather, 
may prolong the attack c)r convert it 
into one of the inflammatory forms of 
the disease. 

Treatment. — In cases in which the 
diarrhea appears to have removed 
the irritant, it will suffice to secure ab- 
solute rest to the alimentary tract for a 
period varying from twelve to twenty- 
four hours, permitting only sterile 
water in small quantities as frequently 
as may be desired. In the majority of 
instances, however, it is wiser to secure 
at the outset, by means of medicine, a 
thorough evacuation of the bowels, rid- 
ding them in this way of any ferment- 
ing material. To accomplish this we 
may make use of either castor oil or 
calomel, both of which act promptly 
and with little irritant effect on the 
mucous membrane. Of the former a full 


dose may be given in any convenient 
way. 

Should there be much gastric ir- 
ritation, as shown by a tendency to 
retch or vomit, the latter is preferable, 
and may be given in small doses to 
34 grain — 0.008 to 0.016 Gm.) at in- 
tervals of half an hour or of an hour 
until a decided effect is obtained. 
Afterward, if necessary, one of the 
preparations of bismuth, preferably 
bismuth carbonate, with a small 
quantity of some opiate, may be given 
for a few days. If the attack has been 
of a mild character, a thin rice or bar- 
ley water containing a small amount 
of sugar of milk may be allowed after 
the first twelve hours have passed. 
Stimulants in the form of whisky or 
brandy are to be given only if indica- 
tions of prostration make their ap- 
pearance. In the majority of cases 
this dietary may be increased after 
thirty-six or forty-eight hours. In in- 
fants who are breast-fed, a limited 
nursing may be allowed, permitting 
the infant to take a little more than 
half its usual quantity at each nur- 
sing. Rice water or weak albumin 
water may be given between times. 
In those artificially fed the food for 
several days must be weak in char- 
acter and limited in amount. A small 
quantity of a fat-free milk may be 
added to the rice or barley water after 
the third day. 

The writer divides the micro-or- 
ganisms which are the primary cause 
of diarrhea in bottle-fed infants into 
3 main classes: the dysentery bacil- 
lus in all its forms, the gas bacillus 
and similar organisms, and thirdly, 
other bacteria, chiefly streptococci, 
the colon bacillus, and the pyocya- 
• neus. The symptoms afford no clue 
as to the form of organism present, 
and nothing about the stools aids 
except, rarely, the peculiar green 
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color caused by the bacillus pyo- 
cyaneus and the streptococcus. In 
the former instance the green color 
will disappear on the addition of 
nitric acid, and in the latter strep- 
tococcus can usually be easily recog- 
nized by the microscope. The only 
affection with which a typical case 
may be confounded is intussusception. 

Treatment should begin with a dose 
of castor oil, stopping all food from 12 
to 24 hours, giving water freely. 

In diarrhea due to the dysentery 
and colon bacillus and streptococcus, 
carbohydrate food is indicated. Sugar 
and lactose are better than starch, 
dextrin and maltose preparations. The 
milk should be given in barley water. 
Some protein food, exemplified in 
whey or casein, should be added grad- 
ually as soon as there is improvement. 
No fat should be given until actual 
convalescence. 

In diarrhea due to (jas bacillus, car- 
bohydrates should be cut down and 
acid-producing bacteria introduced into 
the bowels; buttermilk or, better, mix- 
tures containing 3 or 4 per cent, of 
lactose and from 1.5 to 2.5 per cent, of 
protein ripened with lactic acid organ- 
isms. At any given time most cases of 
infectious diarrhea are due to the same 
organism. 

An unscientific, but often the only 
practicable method, is to give what 
seems to be the most rational diet 
and then observe the results. Irri- 
gation of the bowels once or twice a 
day is useful, and if blood and pus 
persists in the stools after evidences 
of toxemia have disappeared, injec- 
tions of silver nitrate may be of 
service. The various so-called intes- 
tinal antiseptics are of little or no 
value, and there is no serum. Hot 
stupes or compresses allay pain and 
tenesmus, though sometimes opium 
(preferably small repeated doses of 
paregoric or Dover's powder) is re- 
quired. Stimulants such as strych- 
nine, caffeine, and camphor are often 
called for. Morse (Amer. Jour. M^d. 
Sci., Jan., 1915). 

The three principal causes of diar- 
rhea in infancy are too high a sugar 


percentage in the food, too much food 
at a time, and bad milk. The impor- 
tant principle is to give a food low in 
carbohydrate. The writer recommends 
for babies under 6 months old a mix- 
ture of skim milk and water with 
enough calcium casein to bring the pro- 
tein proi)ortion up to 2.60 per cent. — 
giving the formula: Fat, 0.25; sugar, 
2.25; protein, 2.60. For babies over 
6 months old the same dilution of 
casein is added to 3 per cent. One- 
third of an ounce of powdered casein 
in a mixture of 16 ounces of skim 
milk and water is used, but the pow- 
dered milk and 16 ounces of water 
raises the protein proportion to 2.60 
per cent. In a 48-ounce mixture, half 
skim milk and half water, % of an 
ounce of powdered casein raises the 
protein to 3 per cent. In general 
slightly smaller amounts are given than 
to a well baby. After a day or two the 
stools diminish in number, become 
more yellow, and after three tp five 
day.s they become pasty, light yellowish 
brown in color, and alkaline in re- 
action. After the diarrhea has stopped, 
whole milk is added to make the fat 
proportion from 1 to 2 V)er cent., and if 
this is borne well, in two or three days 
enough sugar is added to make the 
sugar proportion about 3.5 per cent. 
Malt sugar is the best to use. L. W. 
Hill (Boston Med. and Surg. Jour., 
Apr. 6, 1916). 

Certain cases showing recurrent 
symptoms of gastrointestinal disturb- 
ance, vomiting, fever, etc., do not 
respond to treatment usually eflfective 
in such cases. The X-ray has fur- 
nished the explanation. In some an 
elongated sigmoid was found, and in 
others a ptosis of the stomach; others 
again showed a partial pyloric stenosis. 
The bowels are cleared with Russian oil, 
olive oil, or fiuidextract of cascara. A 
teaspoonful of the latter in 3 doses 
gives better results than when given 
at once. 

Massage and physical therapy were 
found to be of the greatest aid in con- 
stipation due to the long sigmoid. 
The writer omitted white bread, prackers, 
and similar articles, and gave more green 
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vegetables and fruits, except in cases in 
which there was diarrhea. In cases with 
diarrhea he omitted the fruit and vege- 
tables and gave boiled skimmed milk. 
C 0. Kerley (Med. Rec., June 24, 
1910). 

In a study of 220 cases observed in 
St. Louis during 1925 the writer em- 
phasizes the dangers of anhytiremia. 
He argues that there is a true toxic 
sul)stanee in the genesis of enteritis 
which e\okes symptoms even when the 
water loss is small and the intake 
ami)lc. I'he tissues refuse to retain 
water. The labors of Finkelstein and 
his school have overthrt)vvn the bac- 
terial toxins as cause, w4iile the role of 
sugar, salt and other substances, acids 
and alkalies, is deemed doubtful. Plan- 
tenga recently held that, toxic inter- 
mediary products w'cre the primary 
cause of the diarrhea, as instanced by 
the coli-toxin of calves wdiich produces 
all the symptoms of intoxication ob- 
served in infants. J. Zahorsky (Mo. 
State Med. Jour., Mar., 1926). 

General nicasiires, such as physical 
rest, with freedom from all forms of 
excitement, frequent bathing with 
water graduated in tcmiicrature to suit 
the condition of the infant, and abun- 
dance of fresh air arc all important in 
the management of these cases of func- 
tional diarrhea. 

INFLAMMATORY DIAR- 
RHEAS: SUMMER COMPLAINT 
OF INFANTS. 

The two groups of inflammatory di- 
arrheas include the great majority of 
cases of infantile diarrhea met with 
during the summer months. They are 
very closely allied in their etiology, and, 
although the intestinal lesions in the one 
are comparatively slight, while the symp- 
toms of local inflammation in the other 
become prominent, in both we have to 
deal with marked constitutional disturb- 
ance. All that has been said in refer- 
ence to the influence of age, of season, 
and of the mode of feeding is equally 


true of both groups. The symptoms 
and course of these two varieties of the 
disease differ in important particulars. 

INFLAMMATORY DIAR- 
RHEAS in vv^hich the Symptoms of a 
Toxic Systemic Infection are Pre- 
dominant ; ACUTE GASTROEN- 
TERIC INFECTION: ACUTE 
GASTROINTESTINAL CA- 
TARRH. 

Symptoms. — As might be expected, 
when we consider the various ways 
and the varying numbers and char- 
acters with which these toxin-pro- 
ducing bacteria make their entrance into 
the alimentary tract and the different 
conditions under which their develop- 
ment may take place in the stomach and 
intestine, the mode of onset of this dis- 
ease is very variable. Frequently it is 
gradual; the symptoms present little 
except their persistence to distinguish 
them from those produced by indiges- 
tion. The infant may be fretful, show 
occasional signs of colic, be restless at 
night, and slightly feverish, and asso- 
ciated with these disturbances may be 
some looseness of the bowels. As the 
disease progresses the symptoms in- 
crease in severity ; the motions become 
frequent, thin in character, of a sour, 
or, more generally, of an offensive odor; 
their color is variable, generally some 
shade of green, due to an alteration in 
the bile-pigment, the exact nature of 
which is still uncertain; pyrexia in- 
creases, the pulse becomes quick and 
weak, and pain becomes a marked fea- 
ture, interfering with rest and sleep. 

Green stools are distinguished not 
only by their color, but by the pres- 
ence of considerable mucus. This is 
due to the action of a substance which 
the writer has isolated from such 
stools, and regards as a ferment. It 
oxidizes guaiacol in presence of 
hydrogen dioxide, but the reaction 
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does not occur if the stool is first 
heated to boiling point. The oxida- 
tion causes a brownish discoloration 
which is most marked in the flakes 
of mucus and is not diffuse. The sub- 
stance is contained in the mucus and 
apparently has an oxidizing action on 
bilirubin. Wernstedt (Hygiea, voL 
Ixvii, No. 8, 1905). 

The degree of oxidation of the bil- 
iary coloring matter in the stools of 
infants docs not depend wholly on 
the oxydase, but a distinct influence 
is exerted on the coloring by the very 
uncertain, but usually significant re- 
ducing power of the bacteria in the 
stool. The oxydase can certainly 
develop its action only when the re- 
duction process is so insignificant 
that the biliary coloring matter is un- 
affected. Tf the reducing power is 
increased in intensity the stool al- 
ways contains somewhat reduced 
biliary coloring matter, pre-eminently 
bilirubin. The intestinal bacteria 
then hinder the oxidation of the 
biliary coloring matter so that such 
stools contain bilirubin in spite of 
the amount of oxydases. llecht 
(Munch, med. Woch., June 11, 1907). 

In other cases grave symptoms ap- 
pear suddenly in an infant who has pre- 
viously been well or only slightly ailing. 
The temperature rises rapidly to 104° 
or 105° F. (40° to 40.5° C), with 
cither unusual drowsiness or great 
restlessness, and signs of distress. 
Vomiting may set in early and con- 
tinue in a most persistent manner. 
In some instances alarming nervous 
symptoms may develop, such as stupor, 
great excitement, or even convulsions. 
After several loose movements have oc- 
curred the temperature may fall 1 or 
2 degrees, and the nervous symptoms 
pass off to a great extent. Frequent 
loose movements, with much colicky 
pain and considerable prostration, row 
make their appearance. 

When the disease is well established 


the symptoms become very character- 
istic: the infant is restless, moaning or 
crying frequently; the face is pale and 
its features somewhat pinched ; the eyes 
sunken ; the tongue coated in the center, 
but with tip and edges red and dry; 
thirst is pronounced, but fluids are fre- 
quently vomited shortly after they are 
taken ; the abdomen is generally, but not 
always, distended. Occasionally we 
may distinguish through the thin ab- 
dominal wall marked distention of the 
stomach or of the small or large 
bowel. The skin gradually assumes a 
harsh feeling, while the subcutaneous 
tissues w^aste rapidly ; the tempera- 
ture varies from 102° F. (38.9° C.) in 
the morning to 103° F. (39.4° C.) or 
more in the evening, and the quick and 
feeble pulse indicates great exhaustion. 
Pain, to a greater or less extent, is al- 
ways present, but exacerbations may be 
noted shortly before each evacuation. 
Abdominal tenderness is not marked, 
but exists in some cases. The stools 
continue to be frequent, often almost 
entirely fluid, and of a varying color, 
green or brown ; they have a sour, more 
generally an offensive odor, and contain 
an excess of mucus. Little useful diag- 
nostic information can be ‘gained from 
their appearance, but we may consider 
that frequent and very fluid stools indi- 
cate a severe attack. The reaction is, in 
the beginning, always acid, but in the 
more severe cases becomes neutral or 
even alkaline. Lesage says that a rela- 
tion generally exists between the char- 
acter of the reaction and the degree of 
the infection. Under the microscope 
the stools are seen to contain undigested 
food, epithelial cells, few, if any, leuco- 
cytes, and numerous bacteria, among 
which bacilli predominate. As the di.s- 
ease progresses the vomiting becomes 
less urgent, the pain appears to* be less 
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acutely felt, the pulse becomes weaker, 
emaciation proceeds rapidly, and the 
urine becomes scanty and not infre- 
quently sliows the ])resence of a small 
amount of albumin. 

Should the disease proceed to an un- 
favorable termination the general pros- 
tration increases; the extremities be- 
come cold, slightly cyanosed, and some- 
times edematous; the slightly swollen 
eyelids only half close over the deep- 
sunken eyes; the fontanelle,if still open, 
is much de])resscd ; the infant ceases to 
cry, and death closes the scene generally 
in a very quiet manner. 

Under wise and energetic treatment, 
however, begun early, the course of the 
attack may be aborted or much short- 
ened, particularly in infants with a pre- 
viously good digestive record. In some, 
although the severity of the symptoms 
may abate, the diarrhea persists and 
indications of a modified ileocolitis 
make their appearance. 

Relai)ses arc not uncommon, due, 
most frequently, to some error in diet- 
ary, usually that of allowing milk too 
early and in too strong a modification. 
Occasionally they appear to arise from 
the nervous and cardiac depression pro- 
duced by a wave of intense heat. 

Complications. — In the more se- 
vere cases complications are fre- 
quently met with. Unless care is ex- 
ercised, thrush is ai)t to appear in the 
mouth and spread rapidly. While in 
itself of slight import, it may, owing to 
an accompanying stomatitis, still further 
increase the difficulties of feeding. 

Symptoms in the respiratory system 
in many cases develop early. Fenwick 
states that in 87 per cent, of his cases 
signs of bronchitis were present at the 
end of the fourth day ; pneumonic con- 
solidation was encountered in 37 per 
cent. To us in America these figures 


appear high. The onset of the broncho- 
pneumonia is, however, often very in- 
sidious; the cough may be only slight, 
but the respirations will be observed to 
be unduly frequent, and the temperature 
shows a distinct rise. The physical 
signs are generally obscure, and most 
frequently are localized at the base of 
the lungs. The progress of the pul- 
monary lesion is modified by the general 
symptoms of the case; incr€‘ascd dysp- 
nea is often a symj^tom of grave import. 
Pleurisy is very seldom observed ; when 
it docs manifest itself it tends rapidly to 
become purulent. 

Associated sometimes with the pul- 
monary infection, but occasionally as a 
complication by itself, we meet with 
cerebral symptoms, stupor, delirium, or 
convulsions. Only rarely do we ob- 
serve definite signs of local irritation, 
such as striibismus, inequality of jinpils, 
and irregular pulse and respiration. 
Lesage makes reference to a form of 
paralysis which disapjiears with return- 
ing health. Thromliosis of the cerebral 
vessels may take place in the final stages, 
and may or may not manifest its pres- 
ence by special symjitoms. Still states 
that it was noted in 1 per cent, of the 
autopsies on cases of infantile diarrhea 
at the Children's Hospital, Great Or- 
mond Street, London. Occasionally an 
attack of tetany may supervene. Should 
the drain of fluid from the tissues have 
been great, the defective circulation in 
the brain may of itself give rise to many 
of the above symptoms. Only occasion- 
ally must the cerebral symptoms be re- 
garded as of a uremic nature. 

Otitis media is to be remembered as 
a not infrequent complication which 
may give rise to retraction of the head 
and symptoms closely resembling menin- 
gitis ( Still) . Any exhausting disease, it 
would appear, brings with it a special 
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liability to catarrh of the middle ear, 
sometimes with external discharge, 
sometimes without, but in either case 
adding fresh symptoms to those of the 
primary disease. Still states that in 79 
consecutive autopsies on infants under 
2 years pus in one or both ears was 
found in 32. He thinks it probable that 
the symptoms described as spurious hy- 
drocephalus may, in some instances, be 
due to middle-ear inflammation rather 
than to a toxemia. 

Convulsions are always to be regarded 
as a grave complication, but are not 
necessarily fatal. Tlieir import is more 
serious in the later stages of the disease 
tlian at the onset. 

A true parencliymatous nephritis due 
to infection would ajipear to be a rare 
complication. Kjellberg states he met 
with it in 47 per cent, of his fatal cases; 
but comjietent observers, both English 
and American, have failed to meet with 
it, except very occasionally. Fenwick 
states that albumin in the urine was 
noted in 17 per cent, of liis cases before 
the fifth day of the disease; but in no 
instance did the urine show more than 
a trace. Under the microscope he never 
observed either blood-corpuscles or epi- 
thelial casts. Booker states that necrosis 
of the epithelium in the convoluted and 
straight tubules was found in nearly all 
his cases, and, in not a few, hyaline 
tube-casts were demonstrable. Infiltra- 
tion with leucocytes was not seen in any 
case. 

Edema, especially of the extremities, 
not infrequently makes its appearance 
about .the second or third week of the 
attack. It is most common in the sub- 
acute cases, in which the symptoms 
show a tendency to recur. The edema 
is generally localized to the back of the 
hands, feet, and thighs. It sometimes 
spreads to the face. In a few instances 


it is associated with tenderness and 
then presents a close resemblance to 
infantile scurvy. Heubner attributes 
the appearance of edema to a reten- 
tion of the chlorides and states that it 
disappears when the infant is fed on 
a dietary in which the chlorides are 
greatly reduced. The exact etiology 
of it, how^ever, is still uncertain. 

In a small number of cases purpura 
may make its a])pearance in infants in 
whom much wasting has occurred; it is 
always to be regarded as a very grave 
complication, l)ut it is not necessarily 
fatal. 

Purpura is a symptom of infective 
diarrhea in children which is usually 
overlooked. Of 1(K) cases of diar- 
rhea, 11 showed purpura, all of which 
resulted fatally. All but 2 patients 
were under 11 months of age. In 8 
the eruption was on the abdomerii 
especially the lower part, and in 4 of 
these the thorax was also affected. 
The extremities, where ordinary pur- 
pura is more commonly seen, were 
almost always spared. The purpura 
was usually a late phenomenon, ap- 
pearing, on an average, on the thirty- 
fourth day, one week before the 
average time of death. It is therefore 
connected, the author points out, with 
cachexia rather than acute infection 
of toxemia. In one patient, however, 
the rash disappeared and the child 
improved, but the diarrhea later re- 
turned and proved fatal two weeks 
after the disappearance of the erup- 
tion. Transfusion or the administra- 
tion of horse or other serum could 
not have been the cause of the pur- 
pura, as the latter usually preceded 
these measures. Nor did the cases 
suggest any close relation between 
purpura and the edema which some- 
times occurs in children after gastro- 
enteritis. H. D. Rolleston and J. B. 
Molony (Proceed, of the Royal Soc, 
of Med., Dec., 1911). 

Diagnosis. — While there may be, 
for the first two or three days, some 
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uncertainty in reference to the character 
of a diarrhea, a persistent high tempera- 
ture beyond this period stamps the at- 
tack as of an inflammatory nature. 
After tliis date fluid evacuations of an 
offensive odor are characteristic of the 
toxic form, while small stools passed, 
with much straining and containing 
mucus and some blood are met with in 
those cases in which the local inflamma- 
tory condition is prominent. Typhoid 
fever is seldom met with during in- 
fancy; its onset is occasionally some- 
what abrupt, but after the first few 
days its course ])ecomes more character- 
istic. Widal’s test should be applied in 
doubtful cases. Several of the acute 
specific fevers arc sometimes ushered in 
by an intestinal disturbance, which may, 
for two or three days, be misleading ; of 
these, scarlet fever and pneumonia are 
probably the most imjiortant. 

Prognosis. — In infants suffering 
from chronic dyspeptic troubles, or 
in those whose nutrition is seriously im- 
paired, the prognosis must always be 
grave. During the heat of summer an 
attack of inflammatory diarrhea is of 
much more serious import than one oc- 
curring during the cooler months of 
the year. In the course of an attack a 
decrease in the temperature and in the 
frequency of the stools are favorable 
symptoms, especially when associated 
with an improvement of the general ap- 
pearance, an increase in the amount of 
urine, and perhaps an increased desire 
for food. On the other hand, a higher 
temperature, more frequent and more 
watery movements, a more anxious ex- 
pression on the features, sighing and 
irregular respirations, a feeble and in- 
termittent pulse, suppression of the 
urine, and the onset of nervous symp- 
toms must all be regarded as of grave 
significance. In every attack of inflam- 


matory diarrhea the prognosis is greatly 
dependent upon the establishment of 
correct treatment before the production 
of serious intestinal lesions. 

Treatment. — Regarding this dis- 
order as due to an intoxication of the 
system, either induced suddenly by an 
absorption from the intestinal tract of 
toxins in large amount or coming on 
gradually, owing to the development in 
the intestinal canal of pathogenic bac- 
teria with a subsequent absorption of 
toxins, our first efforts should be di- 
rected to securing, as promptly and as 
effectually as possible, the clearing out 
of the intestinal tract. This we en- 
deavor to effect by means of promptly 
acting purgatives, and by lavage of 
the stomach and large intestines; the 
small intestines we only reach by 
means of purgatives. 

At the same time the development of 
bacteria should be checked by withhold- 
ing food in which they can grow. Milk 
food, in which we know they develop 
very rapidly, should be forbidden for 
many days. Sterile water only should 
be allowed for the first twenty-four 
hours. During the early days no astrin- 
gent drug is to be given to check peri- 
stalsis, at this period to be regarded as 
salutary in character. For the evacua- 
tion of the intestinal tract two drugs 
especially commend themselves on ac- 
count of their prompt action and of the 
very slight amount of irritation which 
they induce. These are castor oil and 
calomel. Castor oil is of much value 
if it can be taken and retained. A full 
dose, 1 or 2 drams (4 to 8 Gm.), may 
be given in any convenient way. In 
many cases, however, there is too 
great irritability of the stomach for us 
to attempt the administration of this 
somewhat nauseous drug, and we 
can, with advantage, have recourse 
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to calomel, which acts not only as a 
purgative, but also, to some extent, 
as an intestinal antiseptic. It may be 
given either in one full purgative dose 
or in a series of small doses, repeated 
at short intervals. Lesage recommends 
that if the onset is with high fever, a 
foul-smelling but not abundant diarrhea, 
and a considerable amount of tympa- 
nites a dose of 1 grain (0.065 Gm.) 
for an infant under 1 year, and 2 
grains (0.13 Gm.) for an infant over 
that age, should be administered, 
mixed with a little sugar, in a powder. 
In those cases where the fever is only 
moderate, where the abdomen is soft 
and not distended, and the diarrhea is 
copious, small doses of Vio % of 2t 
grain (0.006 to 0.013 Gm.) may be 
given every half-hour or hour for 
ten or twelve doses. Other purga- 
tives have been employed, but, in our 
opinion, they are not so satisfactory. 
In a series of 200 cases, the writer 
found that, in 35 to 40 per cent, bi- 
chloride of mercury, administered to 
the nursing mother in doses of %2 
grain (0.002 Gm.) three times a day, 
had a decided influence upon the gas- 
trointestinal condition and nutrition 
of the infant. Vomiting, when not 
due to overfeeding or organic dis- 
ease, ceased as a rule within twenty- 
four hours after the treatment was 
begun; diarrhea was always markedly 
improved, the frequent, foul-smelling 
stools containing undigested curds 
being rapidly replaced by the normal 
ones. Constipation was in like man- 
ner improved by diminishing or in- 
creasing the amount of mercury 
given to the mother. Colic was bene- 
fited and the weight was improved 
in many cases. 

This treatment is indicated in any 
gastrointestinal disturbance of the 
nursling. It is a harmless procedure 
even where no benefit results. The 
effect of the drug upon the non- 
syphilitic mother is practically nil. 


while in the syphilitic mother it im- 
proves the general condition. S. V. 
Haas (Archives of Pediatrics, July, 
1912). 

Should vomiting be severe and per- 
sistent a careful lavage of the stomach 
will often at this period of the disease 
prove of much value not only because 
it removes fermenting material and tox- 
ins, but because it has a direct sedative 
action on the gastric mucous membrane. 
This lavage can easily he accomplished 
by means of a few feet of rubber tub- 
ing to which is attached at one end a 
soft-rubber catheter (No. 15 or No. 18 
English, or No. 30 Charricre), and to 
the other a small glass funnel. The 
fluid used may be either sterile water 
or normal saline solution, at a tem- 
perature of about 100° F. (37.8° C.)- 
Three or four ounces should be intro- 
duced at a time and allowed to e5?- 
cape. This should be repeated until 
the water returns clear. Occasionally 
one of the milder antiseptics is added 
to the solution; we are convinced, 
however, that the use of them in this 
way is associated with a definite risk 
of absorption of an overdose, which 
more than counterbalances any pos- 
sible advantage. 

Either at the same time or a few 
hours later when the purgative begins 
to act, an effort should be made to wash 
out the colon. The infant should be 
placed on its back with its hips well • 
elevated, and a normal. saline solution 
at a temperature of 98° F. (36.7° C.) 
be allowed to flow slowly into the in- 
testines through a large-sized rubber 
catheter introduced for six or eight 
inches. The pressure in the tube 
should be slight, the reservoir not be- 
ing higher than one or two feet above 
the hips of the patient. If the hips 
are sufficiently elevated, a' little 
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gentle massage over the region of the 
sigmoid flexure secures the free passage 
of the fluid into the descending colon, 
and then its entrance into the transverse 
and ascending colon. Should the py- 
rexia of the infant be high, after the 
current has been once established the 
temperature of the water may be low- 
ered to 80® F. (26.7® C.). Lower than 
this has been recommended by some 
physicians, but the very interesting 
experiments of R. Coleman Kemp 
warned us that we may in this way pro- 
duce too much depression. The in- 
jection should be continued until the 
water returns clear. If done care- 
fully, the pulse, after the injection, 
should evince more strength and the 
general condition of the infant be im- 
proved. Afterward a cool or warm 
compress, 70® to 100® F. (21.1® to 
37.8° C.), applied over the abdomen 
and covered with oiled silk and a 
flannel binder, soothes and assuages 
pain. 

This lavage of the intestines may be 
repeated in six or twelve hours if 
deemed advisable, and perhaps after- 
ward daily. Bowel wa.shing, in our 
opinion, however, has been much over- 
done. With frequent large, watery 
movements lavage after the first day is 
unnecessary. Later on in the attack 
normal saline enemata, given in such a 
way as to favor al)sorption, are of much 
value in supplying sufficient fluid to the 
tissues and promoting elimination by the 
skin and kidneys. 

Many physicians have advocated at 
this stage of the disease the administra- 
tion of drugs which have some action 
as intestinal antiseptics. Among the 
more important of these drugs we may 
mention resorcin, menthol, thymol, 
bismuth salicylate, sodium salicylate, 
betanaphthol, and others. It is not 


to be forgotten, however, that many 
of these drugs are very distinct car- 
diac depressants and renal irritants, 
and may easily do more harm than 
good. In our opinion they are better 
omitted. 

Certain intestinal antiseptics, while 
theoretically powerful, are loo irritat- 
ing to the mucosa to be used in a 
dose large enough to have any value. 
Thymol, the naphthol derivatives, and 
phenyl salicylate, or salol, belong to 
this class. Bismuth subsalicylate, how- 
ever, is unobjectionable. A comparison 
of two series of cases, one treated 
solely by the starvation plan and one 
treated with the subsalicylate, showed 
such a decided difference in favor of 
the drug that it seemed to have un- 
doubted disinfectant properties. Be- 
sides the direct disinfectant action of 
the salicylic radical there is also ob- 
tained the sedative action of bismuth 
itself, which may also be enhanced by 
giving bismuth subnitrate or subcar- 
bonate at the same time. A. Hand 
(Archives of Pediatrics, Feb., 1912). 

As regards diet, the author uses 
barley water and while of egg beaten 
up with an equal quantity of water, 
or, better, soda water. H. A. Ellis 
(Austral. Med. Gaz., Jan. 13, 1912). 

The summer diarrheas of children 
are best classified, according to the 
writer, as mechanical, proteolytic, fer- 
mentative and infectious. The first 2 
constitute purely a problem in infant 
feeding. In the fermentative type, 
without involvement of the intestinal 
mucosa, the temperature is apt to be 
higher, with a decline after 4 or 5 days, 
while in the infectious type it is not so 
high but more prolonged. In the 
former type, the abdomen is commonly 
distended and the stools green, watery 
and acid to litmus, while in the latter 
type, the abdomen is usually flat or 
sunken, the stools containing pus and 
blood, and the reaction alkaline. In 
either type there should be initial pur- 
gation with 2 drams to 1 ounce (8 to 
30 c.c.) of castor oil If the oil is not 
retained, calomel should be given in 
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Ho or % grain (0.006 to 0.012 Gm.) 
doses every hour for 10 doses, fol- 
lowed in 3 hours by 2 or 3 tcaspoon- 
fuls of milk of magnesia. Food should 
be withheld for 12 to 24 hours, and 
meanwhile every effort made to supply 
the proper amount of fluid — 2 to 3 
ounces (60 to 90 c.c.) per pound of 
body weight every 24 hours. This 
should be given as barley water sweet- 
ened with saccharin or weak tea. Upon 
resumption of food the indication in 
the fermentative type is for a protein 
diet, fats being withheld for weeks 
afterward, while in the infectious type 
a carbohydrate diet is indicated, with 
little, if any, fats or proteins. C. M. 
Pounders (Arch, of Ped., Aug., 1924). 

After the intestinal tract has been 
well cleared of offending material a 
sedative action on the intestinal tract 
may be obtained from full doses of one 
of the bismuth salts. The subcarbo- 
nate or subnitrate may be given in 10- 
grain doses (0.65 Gm.) in an emul- 
sion combined with small doses of an 
opiate and repeated every three hours 
till distinct improvement vsets in. If 
vomiting is absent and the stools con- 
tain an excess of mucus, small doses 
of castor oil have in our experience 
proved very serviceable, especially if 
the pyrexia is still high. 

01 ei ricini 5ij (8 Gm.). 

Tincturcc opii cam- 

phoraiw 5j-5iss 4-6 Gm.). 

Pulvcris acacia', 

Pulvcris sucrosi, 

of each 5ij (8 Gm.). 

Aqua' ciunamomi, 
q.s. ad 5hj (90 c.c.). 

M. Sig: 3j every three hours for an 
infant 1 year old. 

Under this treatment the pyrexia will 
be found to subside slowly and the 
frequency and character of the stools 
to alter for the better. The castor oil 
mixture may then be replaced by bis- 
muth. Later on one of the newer 


preparations of tannin may be added to 
the bismuth if the movements still con- 
tinue frequent and watery. A few phy- 
sicians, however, still prefer the older 
tannin astringents, e.g., tincture of 
kino or of catechu, or the fluidextract 
of hematoxylon. In a few cases the 
tincture of coto has proved useful in 
our hands. 

The value of the administration of 
opium in this disease is a subject on 
which there has been much difference 
of opinion. All writers, however, agree, 
that it should be avoided at the onset; 
it should also not be employed in grave 
toxemic states with any tendency to 
drowsiness or stupor, or to cyanosis. 
Its administration should at once be 
stopped if under its use the tempera- 
ture rises, and the bowel movement is 
unduly checked. But in the great ma- 
jority of cases, if used cautiously and 
intelligently, no other drug is so valu- 
able, quieting the motor and sensory 
systems, relieving pain, and lessening 
peristaltic activity, thus favoring re- 
pair. The preparation employed is 
immaterial, provided the dose be not 
too large. 

For infants of 3 months : — 

Tr. opii camph., nvij-nj (0.12-0.18 c.c.). 

For infants of 6 months : — 

Tr. opii camph., Tii.iij-v (0.18-0.3 c.c.), or 
Pulv. Doveri, gr. (0.008-0.01 

Gm.). 

For infants of from 12 months to 2 years : — 
Tr. opii camph., nt,v-viij (0.3-0,48 c.c.), 
or Pulv. Doveri, gr. (0.01-0.016 

Gm.). 

These doses may be repeated every 
three or four hours, unless the child is 
sleeping. In apportioning the dose it is 
wise to consider the size and weight 
of the infant as well as its age. 

If vomiting prevents the administra- 
tion of the drug by the mouth, mor- 
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phine may be given hypodermically 
in Koo-grain (0.00065 Gm.) doses to 
an infant from <S months to 1 year 
old, and repeated every six hours if 
necessary. 

Stimulants, in our opinion, are neces- 
sary in the majority of cases; they 
should be used cautiously at first, but 
liberally in tlie later stages of the dis- 
ease. (iood whisky and brandy are 
preferable to wines, and of these 10 to 
15 minims (0.6 to 0.0 c.c.) may be 
given every two hours. Aromatic 
spirit of ammonia may occasionally 
be of service in small, frequently re- 
peated doses. Caffeine may also be 
employed, eitlier in solution or in the 
form of a well-prepared' tea or coffee. 
Where the prostration, is severe 
strychnine in Yunr to Yioo- grain 
(0.00015 to 0.000 Gm.) doses, given 
hypodermically, is of service. Atro- 
pine, Yuhu) grain (0.000065 Gm.), hy- 
podermically, is recommended by la 
Fetra. Camphor dissolved in oil has 
also proAfed serviceable. 

In all instances where the tempera- 
ture runs an elevated course we have 
much confidence in the value of hy- 
drotherapy. ddiis treatment may be 
employed in the form of tepid spong- 
ing, cool baths, the cold wet pack, or 
cool irritation of the intestines. Of 
the three methods our preference is 
for tepid sponging or cool baths. 
Whenever the tem])erature of the 
body rises above 104'' b\ (40° C.) the 
infant should be sponged with water 
at 85° 1"., or placed in a bath contain- 
ing water at a temperature of 90° F. 
(32.2° C.), and remain in it from 
three to five minutes, the duration 
varying according to the age and 
feebleness of the infant. It is to be 
remembered that infants are affected 
by a cold bath more promptly than 


adults, and are more easily depressed 
by it. Care should be taken, there- 
fore, to watch its effects, and, if 
necessary, to use stimulants after it is 
over. 

A cold pack may occasionally, with 
advantage, replace the cool bath where 
circumstances are not convenient for 
the employment of the latter. Of late 
A^ears the irrigation of the colon with 
cool normal salt solution has been em- 
ployed in cases of hyperpyrexia. It is 
unquestionably a more powerful method 
than either bath or pack, and, when 
used with discretion, may prove of more 
value. Its action, however, is less under 
the control of the physician than that 
of baths, and serious depression of the 
nerve-centers may result from the em- 
ployment of too cold and too long con- 
tinued irrigation. 

Should the prostration become ex- 
treme and hydrenccphaloid symptoms 
make their appearance, subcutaneous 
injections of a sterilized normal saline 
solution, as described in the article on 
cholera infantum, ought to be employed. 
In severe cases two injections a day of 
50 c.c. (1% ounces) each should be 
given. Not only do these injections 
.stimulate the flagging circulation, but 
they dilute the toxins in the blood 
and favor their elimination through 
the excretory organs ; in many in- 
stances they check, in a remarkable 
way, the symptoms of nervous irri- 
tation. 

Careful feeding and intestinal irri- 
gations Avith boiled water, 0.02 per 
cent, boric acid or naphthol solution, 
or, belter, normal saline solution are 
indicated. During irrigation the child 
should be upon its right side; a soft- 
rubber catheter should be used and 
the receptacle of the fountain syringe 
through which the lavage is given 
should be elevated not more than five 
or six inches above the patient. The 
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quantity employed should be from 1 
pint to 1 quart and the fluid should 
be cold if the patient’s temperature 
is elevated, hot if the latter is sub- 
normal. Perrot (La quinzaine therap.; 
Amer. Jour. Med. Sci., Aug., 1907). 

The treatment of diarrhea due to 
alimentary intoxication consists in 
combating the collapse, cutting short 
the intoxication, and slowly bringing 
the child hack to a diet commensurate 
with its caloric requirements. The 
first indication may be met by hypo- 
dermoclysis of saline solution, using 
50 to 100 c.c. (1% to ounces), and 
repeating as is deemed necessary. 
The second indication is met by with- 
drawing the food entirely and allow- 
ing water only for twenty-four hours. 
With the subsidence of all symptom.s, 
begin feeding as follows: As exceed- 
ingly small quantities of fat arc 
injurious, begin with centrifugated 
breast milk, if possible, given in tea- 
spoonful doses five times a day, or 
an equal quantity of buttermilk, to 
which neither sugar nor meal has 
been added; or, if this is not at hand, 
fat-free milk may be used. As a 
diluent, and to supply the liquid 
necessary, w^ater and a thin cereal 
gruel may be used or given sepa- 
rately. After an interval of twenty- 
four hours, provided treatment has 
been well tolerated, without any evi- 
dence of return of the intoxication, 
the separate quantities of milk may 
be increased to 2 teaspoon fuls, which 
after two or three days may, under 
the circumstances mentioned, be doubled, 
and so on, until they are gradually 
brought to a diet (free of fat in arti- 
ficially fed infants) that will temporarily 
meet their needs from a caloric stand- 
point, having added, in the mean time, 
with their increased tolerance of the 
buttermilk (where employed), 30 Gm. 
(1 ounce) of sugar, preferably maltose, 
and 15 Gm. (^4 ounce) of flour to each 
liter (quart) of buttermilk while boil- 
ing. The child should not be kept on the 
buttermilk diet longer than six weeks. 
After this time whole-milk dilutions 
will be necessary to meet its needs. 
In case the infant was at the breast, 


after four or five days of careful feed- 
ing with centrifugated breast milk, 
it may be returned to the breast, the 
amount of milk being carefully con- 
trolled. Butler (Jour. Amer. Med. 
Assoc., April 4, 1908). 

Opinion of a committee of the 
Academy of Medicine concerning Quin- 
ton’s “marine plasma:” It consists of 
sea water collected under aseptic con- 
ditions and rendered isotonic by the 
addition of sterile water. It has some- 
times given good results wdien, as the 
result of profuse diarrhea, the fluid 
content of the organism has been 
greatly reduced, but since ordinary 
physiological salt solution gives analo- 
gous results in the same case, the 
former cannot be considered either as 
a specific or panacea in infantile diar- 
rhea. Wurtz (Bull, de I’Acad. de Med., 
May 14, 1912). 

Treatment of infantile gastroenteritis 
by subcutaneous injection of “marine 
plasma,” f.r., sterilized sea water. The 
writers give milk at once with the in- 
jections, and regard the strengthening 
from the milk as an integral part of 
the treatment; the children are trans- 
formed by the injections so that they 
are able to take care of the milk. Be- 
tween their feedings they arc given a 
bottle of water or it is fed to them with 
a spoon, giving as much water as the 
child will take readily. The amounts 
of sea w^ater to be injected vary with 
the nature of the trouble. With 
enteritis causing constipation, they in- 
ject from 10 to 30 c.c. (% to 1 ounce) 
twice a week, feeding the child with 
from one-eighth to one-sixth of its 
weight. With athrepsia and ordinary 
diarrhea, they inject from 30 to 100 c.c. 
(1 to 3% ounces) two or three times a 
week, and feed from onc-seventh to 
one-fifth of the weight. Almost mori- 
bund children recover under this 
regimen. They published in 1905 a 
series of experiments including 2592 
days of tests to determine the superi- 
ority of sea water over ordinary salt 
solution for these injections in infants. 
They found that the infants increased 
in weight twice as fast under the sea 
water. This increase was not due to 
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the weight of the sea water, as the in- 
crease in weight was out of all propor- 
tion to the amount of sea water in- 
gested. O. Mace and R. Quinton 
(Revue mens, de Civnec., d’Obstet. et 
de Fed., June, FH2). 

The writer considers infantile diar- 
rhea under 3 headings: (1) Mechanical, 
due to undigested pieces of food, fruit- 
skins, seeds, etc. The treatment is 
castor oil or calomel, rest in bed, bar- 
ley water or other gruel for 12 hours, 
plenty of water, and then a bland diet 
of cereal and boiled skimmed milk. 
(2) Fermentative. In mild suejar fer- 
mentation, no purge is needed until 
there is fever. All sugars should be 
omitted and the milk modification 
boiled for 3 minutes, wdth 1 teaspoon- 
ful of compound chalk mixture added 
to each bottle. In more severe form.s, 
he uses albumin milk, skimmed milk 
with powdered casein, or lactic acid 
milk. A purge is used only in early 
cases wdth fever not yet emptied by 
diarrhea. Other useful measures are 
colon irrigation at the onset, water 
freely, sodium bicarbonate by mouth, 
skin or vein when air hunger de- 
velops, compound chalk mixture (better 
than bismuth), often brandy and caf- 
feine, and opium if necessary. In the 
less common protein form of fermenta- 
ton, the stools are brown and foul, in- 
stead of green and acid-smelling; a 
low protein and fairly high carbo- 
hydrate diet is used. (3) Infections, 
with actual invasion of the mucosa by 
bacteria, most commonly dysentery 
bacilli taken in per os; probably the 
streptococcus and B. aerogencs cap- 
sulatus are also causative. Treatment 
is the same as in (2), except as to diet. 
The dysentery and streptococcus cases 
receive a low protein and high carbo- 
hydrate diet, while the gas bacillus 
cases are fed on a lactic acid milk with 
low sugar diet. Hill (Jour. Amer. 
Med. Assoc., Ixxii, 1653, 1919). 

In summer diarrhea the writer gives 
castor oil and calomel in divided doses 
followed by calcined magnesia or milk 
of magnesia, with temporary starvation 
at first. If this fails, bismuth subcar- 
bonate or subgallate may be given for a 


short period, or 1-dram (4 c.c.) doses 
of chalk mixture every 2 hours. Castor 
oil should not be given late, nor re- 
peated. Paregoric, Dover's powder, 
or the tincture of opium should be 
used for excessive peristalsis and pain 
unless the bowel is already well 
emptied, or there are infrequent, foul 
stools, or in early acute cases with 
fever, cerebral symptoms and scanty 
elimination. In marked tenesmus 5 
to 10 drops of opium tincture in 1 
ounce (30 c.c.) of starch water as 
enema usually suffices. Among the stimu- 
lants, atropine hypodermically is espe- 
cially useful in hypothermia. Anointing 
with oil, wrapping in cotton, and hot 
water bags are serviceable. To prevent 
acidosis, carefully prepared sodium 
bicarbonate should be given in 15 
grain (1 Gm.) doses every 3 hours, in 
all but the mild cases. J. F. Sinclair 
(N. Y. Med. Jour., Aug. 3, 1921). 

The author discusses intravenous use, 
in dehydration, of normal salt solution, 
5 per cent, glucose, 3 per cent, sodium 
bicarbonate, or glucose-acacia solution 
injected at 110*’ F. by gravity into the 
longitudinal sinus, at the rate of 3 or 4 
c.c. a minute, after shaving the scalp 
closely and under strictest asepsis. Don- 
nelly (N. Y. Med. Jour., Aug. 3, 1921). 

The writers have called attention to 
the value of intraperitoneal injections 
of salt solution in cases with dehydra- 
tion. They find peritoneal puncture 
safe provided the bladder is empty, 
distention not extreme, and rigid 
asepsis observed. The amount should 
never exceed 300 c.c. (10 ounces) and 
in infants below 4000 Gm., repetition 
of 150 c.c. is safer. Water given 
through a na.sal tube will sometimes 
prevent dehydration. Gittings and Don- 
nelly (Amer. Jour. Dis. of Childr., 
Feb., 1922). 

Dietary. — For the first twelve or 
twenty-four hours, according to the 
severity of the case, only cool sterile 
water should be permitted to the in- 
fant. After this period a weak sugar- 
of-milk solution may be given in 
small quantities to infants under 3 
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months, and to those over 3 months 
thin barley or rice water with sugar 
of milk may be allowed. Great cau- 
tion must be exercised with all al- 
buminous foods so long as the stools 
retain their offensive odor. White of 
egg, or albumin water, forms an excel- 
lent method of administering an easily 
assimilated protein. To prepare it, the 
white of an egg is to be shaken up in a 
flask with 8 ounces (240 c.c.) of 
water; the solution is then to be 
strained through muslin, and a little 
salt and sugar of milk added. 

Weill, Lumiere, and Pchu found a 
10 per cent, solution of sterilized 
gelatin in physiological saline made 
into a jelly and kept in a closed tube 
effective. Before each feeding the 
solution is melted on a water bath 
and 10 c.c. ounce) of it arc poured 
into the bottle containing the milk. 
At the fourth or fifth stool after the 
beginning of the treatment, the feces 
show marked improvement, the odor 
disappearing and the color and con- 
sistence approximating the normal. 
The gelatin facilitates digestion of 
the milk by causing the clots to break 
up into fine particles, and as a result 
the stools are rendered more solid 
in consistence. The measure gives 
especially good results in light forms 
of diarrhea. The necessity of stop- 
ping milk entirely may thus be 
avoided. Similarly, when feeding 
with milk is resumed, after suspend- 
ing it for a time in the more pro- 
nounced cases, the use of gelatin is 
indicated. The writer found this 
treatment very useful excepting in 
severe diarrheas of choleraic type, 
gelatin having no power to counter- 
act the infectious process. Lereboullet 
(Paris med., Dec. 2, 1911). 

The writer uses in alimentary intoxi- 
cation of infants an intravenous in- 
fusion of 280 to 300 c.c. of a 10 per 
cent, solution of glucose preceded by 1 
unit of insulin for each gram of sugar. 
Priesel and Wagner (Klin. Woch., 
Mar. 12, 1925). 


A carefully prepared whey may 
also be allowed, and is often relished. 
In older children a weak broth with 
barley or rice, or one of the peptonized 
foods, may be administered with advan- 
tage. Milk in all forms should be for- 
bidden in the early acute stage; only 
when the pyrexia has, in great meas- 
ure, subsided, and the stools have 
begun to assume a more normal ap- 
pearance, may a weak dilution of a 
comparatively fat-free milk be al- 
lowed ; the strength of this dilution 
should be only gradually increased. 

As soon as the diarrhea begins, 
castor oil should be administered and 
food should be withheld for at least 
twelve hours. During this period water 
should be given fre(|uently, by mouth 
if there is no vomiting, by rectum if 
vomiting is present. The best treat- 
ment for the vomitirg is lavage and 
starvation. If the infant presents 
symptoms of marked loss of fluid, such 
as a dry, loose skin, parched tongue, 
depreSvSed fontanel, and sunken eyes, 
salt should be added to the water, so 
that a hypotonic solution of 0.3 or 0.4 
per cent, is given. If we make use of a 
normal solution edema is apt to ensue. 
Fever should be controlled by means 
of occasional baths at 85° F. (29.4° C.) 
and frequent packs at this temperature 
or lower, if necessary. There is no 
medicine, except, perhaps, a stimu- 
lant in case of collapse or severe pros- 
tration, which has any value; bismuth, 
the astringents, and the opiates are in- 
effectual. One of the fundamental 
principles of the feeding is that it 
should be begun in very small quanti- 
ties, a teaspoonful every two or three 
hours. Another rule is that fats and 
sugars should be avoided. We must not 
forget, however, that the various food 
constituents differ in their action ac- 
cording to their correlation. Sugars 
when given with dextrin or starches 
lose their laxative effect. The same is 
true for both fats and sugars in com- 
bination with proteins. It is due to 
these considerations that vie can 
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begin with the feeding of the “casein 
milk” of Fiiikclstcin, a food contain- 
ing a high percentage of proteid, a 
moderate amount of fat, and but little 
sugar and salt- If we have not this 
food at our disposal, skimmed milk 
may be given in small doses. Hess 
(Jour. Amen 'Med. Assoc., July 15, 
1911). 

Underfed, poorly nourished infants 
with diarrhea, do best on the milk 
and water mixture, boiled, without 
sugar. Had diarrheas, or tho.se that 
do not improve upon these mixtures 
are benefited by albumin milk. Infants 
that have had repeated or prolonged 
attacks of diarrheas do best upon 
Eiweiss Milch. Older, well-nourished 
infants with a diarrhea do be.st upon 
a barlcy-grucl diet for a few days. 
Infectious diarrhea, if seen early, 
should have a cathartic and starva- 
tion for forty-eight hours and no 
longer. The milk-and-water mix- 
tures, boiled, or Eiweiss Milch (albumin 
milk) should then be given. Cathartics 
should be given to infants with diar- 
rhea with great discretion. Dennett 
(Med. Rec., Dec. 2, 1911). 

Report of results obtained in 
summer diarrhea with albumin milk 
according to b'inkelstein and Meyer. 
This is prepared as follows: A table- 
spoonful of essence of rennet (or 2 
tablets of rennet) is added to 1 liter 
(quart) of milk, which is then placed 
in a water bath at 42° C. (107.6° F.) 
for one-half hour. It is then filtered 
slowly by gravity without any pres- 
sure for about an hour, through 
cheesecloth. The coagulum is then 
washed twice in half a liter (1 pint) 
of water through a very fine sieve 
and forced through by means of a 
wooden club. Then half a liter (1 
pint) of buttermilk is added. This 
mixture was given for from two to 
fourteen days, in quantities corre- 
sponding to the usual feeding mix- 
tures prescribed for the respective 
age. In the series of 42 cases, 20 of 
which belonged to a very severe type 
of the disease, there were 9 deaths, a 
mortality of 21 per cent. Excluding 
4 of the cases in which the children 


were practically moribund when ad- 
mitted, there were 5 deaths, a mor- 
tality of 13 per cent. The special 
indication for this mixture is found 
in those cases in which marked 
emaciation has taken place owing to 
undue prolongation of restricted diet. 
Hciman (Amer. Jour, of Obstet., 
Aug., 1912). 

The writer used casein or albumin 
milk in 175 cases of gastroenteritis in 
infants. Of these 110 were dyspepsia, 
8 toxic enterocatarrh, 40 enterocolitis, 
and 17 decomposition (Finkelstein 
nomenclature). There were only 12 
deaths among all these cases, which 
could not have been averted with any 
other feeding. Four of these patients 
were brought into the hospital mori- 
bund and 4 had bronchopneumonia; 
of the other 4 deaths 1 was a case of 
toxic enterocatarrh, and 3 were very 
severe decomposition. According to 
the writer’s observations fourteen 
days of casein feeding suffices in 
most cases (Finkelstein and Meyer 
recommend from six to ten weeks). 
Casein milk offers the best method of 
treatment of diarrhea in infants. 
Beck (Jahrbuch f. Kinderheilkunde, 
March, 1912). 

Notwithstanding the extreme heat 
of 1911, the epidemic of summer diar- 
rhea was comparatively benign, only 
1(X) of the infants dying during the 
month of August, although there 
were over 3000 sick. The writer had 
in the hospital 58 exceptionally severe 
cases, but only 6 of the infants died, 
a mortality of 10 per cent. Thia 
favorable outcome was due to his 
method of feeding the infants. Noth- 
ing but water was allowed until the 
alarming symptoms had subsided, the 
coma, collapse, high fever and albumi- 
nuria; this generally took from one 
to three days. Then he gave the 
infant the ordinary milk mixture, but 
without the usual 2 per cent, of cane- 
sugar, diluting the milk with 4 parts 
water, then with 3 parts, and then 2 
parts. This was generally borne by 
the end of the first day, and he kept 
this up until all signs of intoxication 
had disappeared and the infant was 
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ready to drink spontaneously. Then 
he returned to the sugar, 1 part milk 
to 2 parts barley water. The diluted 
milk without sugar seemed to answer 
the same purpose as “albumin milk*’ 
of Finkel stein and Meyer. C. E. 
Bloch (Ugeskrift f. Laeger, July 4, 
1912). 

During the past few years the value 
of buttermilk, either raw or pasteur- 
ized, has been emphasized by many 
clinicians. Buttermilk contains very 
little fat, a moderate amount of sugar, 
and a considerable amount of digest- 
ible proteid in the form of lactate of 
casein. It is distinctly acid, owing to 
the presence of lactic acid, and in the 
raw state is swarming with lactic acid 
bacteria. The lactic acid and the 
lactic acid bacteria have an inhibiting 
action on the development of other 
forms of bacteria. 

No better basis for an artificial 
food for children in the first year of 
life exists than buttermilk; further, in 
cases of gastrointestinal disorders in 
infants, with the passage of fluid, 
partially digested stools, its use as a 
diet is attended in most cases with 
excellent results. Frequently within 
two or three days the diarrhea ceases, 
firm normal stools are passed, and 
the child begins to increase in weight. 
It is important that the buttermilk 
should be derived from the cream of 
perfectly fresh whole milk. A food 
prepared by adding 1 ounce (30 Gm.) 
of wheaten flour and \]/2 ounces (45 
Gm.) of cane-sugar to every 2 pints 
(1 liter) of buttermilk, the whole 
being boiled, with stirring, for two 
minutes, recommended. Quantities 
varying from pint (J4 to 2 

pints (1 liter) were given daily, and 
although the children did not like it 
at first they soon took it well. In a 
^ few cases it was found unsuitable and 
a more fatty diet resorted to. The 
infant mortality in the Kaiser and 
Kaiserin Friedrich Hospital in Berlin 
has fallen since the use of this food. 
The good results are due chiefly to 


• the presence of the casein in a finely 
divided form, and the writer does 
not think the diminished fat content 
of great importance, though most 
writers consider this factor also of 
value to feeble digestion. Caro 
(Arch. f. Kinderheilk., Sept., 1902). 

Infants with severe gastrointestinal 
troubles improved to a remarkable 
extent when put on buttermilk. In 
22 cases of acute gastroenteritis, in- 
cluding 8 very severe ones, all the 
children recovered rapidly, as also 3 
adults with mucomembranous entero- 
colitis and a large number of chil- 
dren with chronic gastrointestinal 
troubles. The toxi-infectious symp- 
toms vanished in the acute cases in 
less than twenty-four hours. Decherf 
(Semaine med., vol. xxiv. No. 44, 
1904). 

All infants do not do equally well 
with the same nourishment. Even 
under the same mixture of cows’ 
milk, it often happens ^hat one child 
will do very well, while another will 
he very constipated, and still another 
infant will have very loose stools. 
The reason for this is explained by 
the congenital variance of different 
infants. Constipation in infants can 
usually be cured by the addition of 
one or two carbohydrates. Diarrhea, 
on the other hand, is more difficult to 
cure. The writer used buttermilk in 
cases of diarrhea with very good 
results. It contained about 1.4 to 1.7 
per cent, of fat. Instead of adding 
sugars to the buttermilk, he added 
flour, about 50 Gm. (1% ounces) to 
the quart (liter). This buttermilk 
differs from that commonly used in 
having a higher proportion of fat and 
also in having very little sugar, which, 
it is well known, causes diarrhea. In 
mild cases of diarrhea substituting 
this buttermilk feeding for one or two 
of the regular feedings often has the 
desired result. Karl Stotte (Monats. 
f. Kinderheilkunde, June, 1912). 

In most instances the infant is apt 
to object to its taste, but this is im- 
proved by the addition of a cereal 
gruel and 5 grains (0.3 Gm.) of cane- 
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sugar to the ounce of buttermilk. 
The whole may then be pasteurized, 
if desired. Morse states that he has 
obtained better results in the treat- 
ment of diarrheal cases from pas- 
teurized buttermilk than from any 
other milk preparation. 

Tlie use of tlie lactic acid bacillus, 
chief among which is the Bacillus 
huhjaricHS, has also been praised by 
various writers. 

The writer advises that the clear 
fluid from Bulgarian buttermilk be 
used as the culture medium for in- 
jection. The following are his direc- 
tions; Take 5(X) c.c. (1 pint) of pure 
milk, remove the cream, add 10 Cm. 
2 Y 2 drams) of cane-sugar, and boil 
for a quarter of an hour; cool to 42® 
C. (107.6® F.) and add 1 tablet of the 
lactobacilli, crushed. Keep for ten 
hours in a water bath at 42® C. 
(107.6® F.), when the buttermilk will 
be formed thick and creamy. Place 
in a refrigerator until a fluid sepa- 
rates, and siphon off the clear fluid 
from the bottom. This fluid is rich 
in bacilli, .sugar, and peptones, and i.s 
ready for use in the manner sug- 
gested. Even though further trials 
prove its efficacy, the trouble in- 
volved in its preparation will be a 
serious deterrent to its use in private 
practice, although there should be no 
difficulty at institutions with a bac- 
teriological laboratory. W. 11. Walsh 
(The Ho.spital, Dec. 5, 1908). 

The bacterial diarrheas of infants 
may be classified into parasitic and 
saprophytic, the former of which 
must be combated by serotherapy 
and vaccine while the latter require 
other methods, one of which is spe- 
cially taken up by the writer, namely, 
the antagonism of the lactic acid 
bacteria to the fermentation condi- 
tions in the intestine. His investiga- 
tions on this subject were prompted 
by the work of Tissier in the Pasteur 
Institute in Paris, who found that 
the predominating organism in the 
healthy infantile intestine is Bacillus 
bifidus, while in disease other forms 


appear. Among these latter Tissier 
found only one, B. perfringens, that 
was pathogenic to animals, which at- 
tacks protein substances and their 
derivatives. It is a large rod with 
square ends, staining by Gram's 
method; is anaerobic, ferments sugar 
and has the special property of caus- 
ing solution of meat or the white of 
egg in sealed tubes. Tissier believes 
this organism to be the cause of fer- 
mcntal diarrhea. As predisposing 
causes, he believes that lack of digest- 
ive power and unsuitable food play 
the chief part. The indications for 
treatment he thinks are removing the 
fermenting intestinal contents by pur- 
gation and restoring the normal 
intestinal flora. The increase of car- 
bohydrates in the food will favor the 
latter, but the more specific treatment 
is to introduce into the intestines an 
organism capable of inhibiting the 
growth of the abnormal forms, which 
he found most conveniently in the 
lactic acid bacillus. Taking up these 
ideas of Tissier, the writer began his 
work on the subject in the autumn of 
1905 and has continued it since then. 
Buttermilk, containing large numbers 
of lactic acid bacilli, seemed to him 
to combine both food and medicine. 
The selected buttermilk was first pas- 
teurized to kill all other organisms 
and then inoculated with a pure cul- 
ture of lactic acid bacilli and ripened 
until the development of the organism 
had brought about the proper acid- 
ity and precipitation of the casein. 
In the majority of cases the butter- 
milk was used only after other 
measures had failed. After a dose of 
castor oil or calomel to empty the 
bowel nothing but boiled water was 
given for twenty-four hours and only 
barley water for another twenty-four, 
then a weak milk modification was 
used, gradually strengthened as im- 
provement appeared. In the first 35 
cases tried with the lactic acid treat- 
ment, 5 were not strictly fermental 
cases, but were selected for experi- 
ment, and in these no improvement 
was seen. In 23 there was a rapid 
change in the character of the dejecta 
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and gain in weight. In 3 cases the 
diarrhea ceased without gain in 
weight and in 9, including those men- 
tioned above, there was no improve- 
ment. Only 2 of the cases of total 
failure were frankly fermental cases, 
2 were dysenteric. The use of non- 
pasteurized buttermilk was tried in 14 
resistant cases after pasteurized milk 
had failed, and in these cases imme- 
diate improvement followed its use, 
which he attributes to the introduc- 
tion of large numbers of living lactic 
acid bacilli into the intestine. The 
results were ao favorable that he con- 
cluded to adopt this treatment as a 
routine, and he has thus treated 
several hundred cases of which he 
has fairly complete records of 120. 
Not all of the babies received un- 
pasteurized buttermilk; some were 
treated with various formulas of 
modified milk similarly ripened. In 
all of these that were truly fermental 
diarrheas, numbering 100, the treat- 
ment was successful in 74, partly suc- 
cessful in 12, and failed in 14. There 
are occasionally cases in which but- 
termilk does not seem adapted to the 
child’s digestion, and these were 
treated by only continuing it until 
the alteration of the movements had 
occurred, as a temporary weapon 
against the saprophytic infection. 
The attempt to use modified milk, 
similarly ripened, was not a complete 
success, and he was compelled to 
confine his work to formulas contain- 
ing no fat. There is also a difference 
in the effects of different strains of 
lactic acid bacilli^ and he is still ex- 
perimenting as to this point. His 
general conclusion is, however, that 
in this treatment we have a very 
valuable weapon for combating fer- 
mental conditions, and that it should 
be used in every case of this type. C. 
H. Dunn (Jour. Amer. Med. Assoc., 
Aug. 21, 1909). 

Bacillus bulgaricus was used by the 
writer with marked benefit, all cases 
except the most advanced being 
cured. After preliminary dose or tw o 
of castor oil, liquid cultures were 
given in doses of }4 or 1 teaspoonful 


every three or six hours, in a little 
water with milk-sugar. Diet for first 
one or two days: Whey from pure 
milk, diluted according to age; later, 
add milk in increasing amount, and 
for older babies barley or other cereal 
water. Harrington (N. Y. State Jour, 
of Med., Feb., 1912). 

Looking upon wfantilc enterocolitis 
as due to heightened pathogenicity of 
the colon bacillus, the writer used a 
polyvalent stock colon bacillus vaccine 
in 46 mild cases, giving 100 million killed 
germs in the buttock every 3 days. He 
considers the results encouraging. Spol- 
verini (Riv. di din. ped.. Mar., 1921). 

Hygiene. — During the attack the 
infant should, as far as possible, be con- 
fined to its cot. Soft, unirritating flan^ 
nel should be worn over the abdomen to 
afford some protection against sudden 
changes of temperature in the external 
air. Great care should be exercised lest 
the buttocks become irritated by the dis- 
charges; diapers should be changed 
promptly as soon as soiled, and the ap- 
plication of some greasy emollient will 
frequently prevent tlie development of 
the erythematous and sometimes ulcera- 
tive condition which in these cases is 
so liable to occur. 

The infant, of course, should be 
allowed all the fresh air possible. The 
room in which the infant is kept should 
be light and well ventilated, and an 
effort should be made to maintain its 
temperature between 65® and 68® F. 
This in midsummer in cities is well-nigh 
impossible. But sometimes much can 
be done by keeping the patient on the 
shaded side of a veranda or in a tent 
on a lawn. Electric fans keep the air 
moving and encourage evaporation on 
days extremely oppressive. As soon as 
the violence of the attack has passed off, 
the infant should be sent, if practicable, 
either to the seaside or to a bracing 
country or mountain ain 
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INFLAMMATORY DIARRHEA 
in which, in Addition to the Systemic 
Infection, the symptoms of an Acute 
Local Inflammation Have a Promi- 
nent Part.— ACUTE ILEOCOLI- 
TIS; DYSENTERY. 

Under the term ileocolitis, or dys- 
entery, several forms of inflammatory 
diarrhea have been described. In the 
cases most frequently met with the 
symptoms arc chiefly catarrhal; in a 
few the intensity of the inflammation 
leads to a necrosis of the superficial tis- 
sues and the formation of a pseudo- 
membrane, and in a third class an ulcer- 
ation of the lymph-nodes and tissues 
surrounding them is the chief character- 
istic. These divisions, however, are 
as a rule more easily made by the 
pathologist than by the clinician. 

Inflammatory diarrhea is more fre- 
quently met with in the later than dur- 
ing the earlier weeks of summer, and 
may occasionally appear as a limited 
epidemic. For the special etiology and 
morbid anatomy we must refer the 
reader to what we have already said 
at the beginning of this article. 

In 29 cases of infectious suiiimer diar- 
rhea, 18 proved to be due to Bacillus 
dy sent cr ice, of the Hiss -Russel I type in 
16 and the Flexner type in 2. The 
procedure advocated is to make cul- 
tures as soon as the stool is obtained. 
A little mucus is washed in sterile 
saline and 2 plates of Endo medium 
inoculated. After 18 hours’ incubation 
the white colonies are picked and 
transferred to glucose agar. If not 
gas-producing, the organisms arc cul- 
tured on triple sugar media and a tube 
of plain broth inoculated to determine 
motility. If the organism proves to be 
Gram-negative, non-motile, and pro- 
duces a red butt and colorless slant on 
triple sugar media, it is classed as be- 
longing to the dysentery group. In 
stools obtained before the fourth day 
of the disease, the picture seen in direct 


smears was almost typical and could 
be of diagnostic service. S. G. Graham 
(Canad. Med. Assoc. Jour., Aug., 1921). 

Symptoms. — The symptoms in this 
form of the disease generally com- 
mence abruptly, and for the first few 
days closely resemble those of the pre- 
ceding form. The vomiting, however, 
is not so persistent; the temperature, 
although high at the onset, soon falls, 
and remains about 103° F., and the 
motions arc fluid, of a greenish or 
greenish-yellow color, and frequent, 
gradually becoming less in amount. 
They are passed with considerable 
abdominal pain and rectal straining, 
and contain much mucus and a vari- 
able amount of blood. Their color 
changes to brown or greenish-brown, 
and their odor becomes offensive. 
Under the microscope undigested ma- 
terial, epithelial cells, pus-corpuscles, 
and streptococci, with other forms of 
bacteria, are seen. 

The writer calls attention to the sud- 
den onset with fever, anorexia, irri- 
tability, and vomiting in the dysenteric 
cases. R. C. Spence (So. Med. Jour., 
Mar., 1922). 

The abdomen may show signs of dis- 
tention ; tenderness on pressure may be 
elicited along the course of the colon, 
and the urine, if collected, may show 
the ])resence of a small amount of al- 
bumin. As the disease progresses the 
severe straining frequently leads to a 
troublesome prolapse of the bowel. 

If pro])er measures are employed, the 
severity of the symptoms generally sub- 
sides toward the end of the first week. 
The motions diminish in frequency; 
they no longer show signs of blood; 
pain and tenesmus lessen, and the mucus 
decreases in amount. Recovery, how- 
ever, is apt to be slow, and, for some 
time, relapses on the slightest indiscre- 
tion are liable to take place. The per- 
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sistence for several weeks of brown 
mucous stools, with moderate pyrexia 
and a failing nutrition, are, according 
to Holt, an indication that ulceration 
has taken place. In the more severe 
form the temperature remains steadily 
high; the motions are very frequent 
and contain much blood, and the in- 
fant quickly falls into a typhoidal 
state, in which stupor, delirium, or 
convulsions arc liable to occur. If 
the' case survive, the symptoms may 
moderate; but prostration is extreme, 
and some pulmonary or cerebral com- 
plication is apt to turn the scale on 
the wrong side. More or less ulcera- 
tion is always present in these cases, 
rendering recovery particularly slow. 
A long period, during which careful 
dietetic and medicinal measures must 
be faithfully employed, is required 
before complete restoration to health 
can be secured. 

The membranous type of the disease 
is, fortunately, of rare occurrence. In 
this form the symptoms are of an alarm- 
ing character from the very outset. Not 
only do the stools contain much blood 
and mucus, but an examination of them 
under water may reveal numerous 
shreds and sometimes large patches of 
pseudomembrane. Pronounced nervous 
symptoms, such as stupor or convul- 
sions, may at the oj^set mask the symp- 
toms of local inflammation. Such cases 
generally run a severe course, typhoidal 
symptoms develop early, and recovery is 
comparatively rare. 

Occasionally we meet with cases 
which, for the first two or three weeks, 
have shown symptoms of gastroenteric 
infection rather than of local inflamma- 
tion, and in which, owing to the feeble 
constitution of the infant and to ^he 
intensity of the local irritation, a fol- 
licular ulceration develops and symp- 


toms of local inflammation make their 
appearance. The motions become slimy 
and show traces of blood ; their color is, 
most frequently, a dark green or brown, 
and their odor oflfensive. Pain at this 
stage, though present, is no longer so 
prominent a feature as during the ear- 
lier stages of the disease ; ]:)yrexia is only 
moderate ; the motions are not very fre- 
quent, but the strength of the infant 
gradually fails, and general emaciation 
becomes very noticeable. Under the 
microscope the st(x:)ls arc seen to contain 
epithelial cells in large numbers, numer- 
ous leucocytes, and streptococci asso- 
ciated with bacilli. 

The course of these cases is generally 
downward. The disease assumes a 
chronic character. Exacerbations and 
relapses are easily excited. Only the 
few recover completely, and in these 
convalescence is always slow. The fatal 
result is frequently hastened by some 
intercurrent disease. 

Diagnosis. — Great care must be 
taken to differentiate this form of diar- 
rhea from intussusception, as in the case 
of the latter disease much valuable time 
may be lost. In the early stages of in- 
tussusception we have no pyrexia. Vom- 
iting is an initial symptom, and is fol- 
lowed by recurring colicky pains with 
straining. This group of symptoms 
should always put us on our guard, 
especially if blood-stained mucus is 
passed almost free from fecal matter. 
Careful palpation of the abdomen should 
be made to elicit any signs of tumor. 
Should any rigidity of the abdominal 
wall interfere with eifective palpation, it 
is often advisable to procure complete 
relaxation by means of a little chloro- 
form. Typhoid fever, as we have be- 
fore mentioned, very rarely presents 
itself in an infant. Severe membra- 
nous diarrhea may be confounded with 
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meningitis at the onset, but the course 
of the disease will make the diagnosis 
easy. 

A careful study of the autopsy records 
and clinical histories of lOf) fatal cases 
of infantile diarrhea occurring in a 
series of years at the Thomas Wilson 
Sanitarium, Baltimore, brought out 
the following facts : ‘T. Mucus is 

evident to the naked eye in a large 
percentage of diarrheal stools of in- 
fancy. Its absence renders the pres- 
ence of serious intestinal lesion im- 
probable. Mucus in large amounts 
may be found in the stools in all 
intestinal disorders, but the propor- 
tion of cases with extensive intestinal 
alteration is greater when the quan- 
tity of mucus is in considerable excess. 
2. The appearance of blood in the 
diarrheal dejecta of infants suggests 
an alteration of the intestinal mucosa 
in proportion to the amount of blood 
present. On the other hand, exten- 
sive changes may occur in the bowel 
wall without the macroscopic pres- 
ence of blood in the discharges. 3. 
Jn like manner, the presence of pus 
in the diarrheal stools of infants 
indicates, according to its quantity, 
alteration in the mucosa, particularly 
that of the large bowel. The failure, 
however, to detect pus in the stools 
with the naked eye does not preclude 
the possibility of extensive intestinal 
lesion. 4. Blood and pus are more 
frequently found in diarrheal move- 
ments in the middle half of infancy, 
and these elements at this time form 
a correspondingly more reliable index 
of the conditions of the intestinal 
mucosa. 5. Blood and pus rarely ap- 
pear in the diarrheal discharges of 
infants before the beginning of the 
second week of their illnes.s. They 
are more frequently found from the 
third to the sixth or eighth week, and 
are usually absent after this period, 
when, if the baby survives, the con- 
dition may assume a marantic ^charac- 
ter. 6. Blood and pus are often 
found mingled in the same stool. 
Less often blood appears alone, and 
still less frequently is pus noted in 
the dejecta of infants who have not 


passed blood. The presence of these 
elements indicates the probability of 
thickening and infiltration or of 
ulceration of the mucosa of the small, 
but more certainly of the large intes- 
tine.” J. H. M. Knox (Jour. Amer. 
Med. Assoc., Oct. 17, 1908). 

A diagnosis of the presence of ulcera- 
tion is to be made from the whole char- 
acter of the case and its history, rather 
than from any one special symptom. 
When mucous stools persist for several 
weeks with only moderate fever, but 
with rapid wasting and loss of strength, 
a condition of ulceration is more than 
probable. 

Case of ileocolitis in a boy of 3 
years complicated by the presence of 
tapeworm. The boy was taken vio- 
lently ill with all the .symptoms of 
ileocolitis, which persisted for about 
three days, then gradually subsided, 
the treatment having consisted of 
colonic irrigatit)ns apd a carefully 
regulated diet. Ten days later sec- 
tions of the Taenia saginata were found 
in the stools, and later the boy again 
became violently ill. Being in an ex- 
tremely weakened condition measures 
were employed to build him up as 
rapidly as possible. Tonics were 
used, good substantial food given, 
and the seashore recommended. Four 
attempts were made at various inter- 
vals for the removal of the tapeworm, 
the entire worm being finally passed 
ten months after its di.scovery. 
M. Ostheimer and II. A. Spangler 
(Penna. Med. Jour., Sept., 1908). 

Prognosis. — 'J"he prognosis must be 
greatly dependent on the vitality and 
strength of the infant, upon the 
hygienic and dietetic conditions that can 
be secured, upon the severity of the 
attack, and upon the season of the year. 
Delicate infants under unhygienic con- 
ditions generally succumb early. Con- 
tinuous high fever, the presence of a 
large amount of blood in the evacua- 
tions, severe nervous disturbance, and 
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symptoms indicative of extreme feeble- 
ness of the circulation are always to be 
regarded as unfavorable. 

Treatment. — ^The same measures 
are to be employed at the outset in 
this group of cases as in the preceding. 
Milk and all milk foods are to be for- 
bidden. A full dose of castor oil or 
an effective dose of calomel is to be 
promptly administered, and followed 
within ^ few hours by copious irriga- 
tions of the colon with tepid normal 
saline solution. A compress over the 
stomach, to which we have already 
referred, should be applied. After 
complete irrigation of the intestines, 
should painful straining persist, a 
small quantity (.Ij to oij — 4 to 8 Gm.) 
of a thin starch solution, to which 
from 1 to 3 drops (0.06 to 0.18 c.c.) of 
tincture of opium, according to the 
age of the infant, has been added, 
should be gently thrown into the rec- 
tum, with the object of moderating 
excessive peristalsis and lessening 
tenesmus. These opiate injections 
may be repeated every four hours, 
watching their effects carefully. Should 
the stools contain a large amount of 
blood, rectal injections of hot normal 
saline solution, 106° F. (41.1° C.), to 
which a small amount (3j to oij to Oj 
— 4 to 8 c.c. to 30 c.c.) of solution of 
adrenalin, 1 to 1000, has been added, 
may be slowly administered, allowing 
the fluid to escape without hindrance. 
Fluidextract of hamamelis (oiv to Oj 
— 16 to 30 C.C.), tannic acid (gr. xxx 
to lx to Oj — 2 to 4 C.C. to 30 c.c.), and 
weak nitrate of silver (1 : 2000) solu- 
tions have all been recommended for 
use in this acute stage. We consider 
them of more advantage after the acute 
symptoms have subsided. 

Yeast has been found a very satis- 
factory remedy in various cases of 


gastrointestinal affections in children 
at the Strassburg polyclinic. The 
benefit was particularly striking in 
enteritis accompanied by much putre- 
faction in the intestines. The yeast 
preparations alone triumphed in seve- 
ral very severe cases that had not 
responded favorably to calomel, bis- 
muth, or lavage of the intestines. In 
other cases the ordinary measures 
seemed to do no good until reinforced 
by the yeast. Sittlcr (Munch, med. 
Woch., Bd. liii, Nu. 36, 1906). 

Internally, during the acute stage, we 
place most reliance on an emulsion con- 
taining castor oil, in from 3- to 5- 
minim (0.18 to 0.3 c.c.) doses, asso- 
ciated with Dover’s powder or pare- 
goric (zndc treatment gastroenteritis), 
and given at intervals of three or four 
hours. This emulsion should be 
made palatable. After the acute symp- 
toms subside, one of the insoluble prep- 
arations of bismuth, to which we have 
before referred, should be given in full 
doses, suspended in a mucilage with 
some aromatic water. More powerful 
astringents are only permissible in the 
later stages. Opium in doses suffi- 
cient to relieve pain and restlessness 
is, in our opinion, of distinct service. 
Stimulants are required in the ma- 
jority of cases. Old brandy or whisky 
forms one of the best, and, given well 
diluted in a little sweetened or albu- 
min water, is acceptable even to the 
youngest infant. 

This mixture is useful when dietary 
restrictions are unnecessary: — 

IJ. Ganibir 

(catechu) 2.0 Gni. (30 grains). 

Tincture cinna- 

momi ... 10.0 Gm. (2^ drams). 

BensosuU 

phinidi .. 0.925 Gm. (15 grains). 

Aquw des- 

tillatce ... 90.0 Gm. (3 ounces). 

M. Sig.: One teaspoonful every 
half hour. R. Fischl (Nouveaux 
Remedes, June 24, 1912). 
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All that wc have said in the preceding 
section in reference to cool baths, die- 
tary, and general liygiene is equally 
applicable to this class of cases. 

The writer advocates the use of 
alkalini/ed kefir. To a. liter (1 
pint) of kefir he adds a liter (1 
pint) water and 5 c.c. (80 minims) of 
a 20 per cent, solution of sodium car- 
bonate. J. Pciser (Monats. f. Kindcr- 
heilkunde, Bd. xi, Nu. 5, 1912). 

In the dysenteric form, polyvalent 
anti-dysenteric serum (both the Shiga 
and Flexner types) should be given at 
once. When the type of organism 
present has been determined, the in- 
dicated monovalent serum should be 
substituted. In the chronic stage pre- 
ceding recovery, a diet rich in carbo- 
hydrates, such as malted milk or dex- 
trimaltose, should be prescribed. Spence 
(So. Med. Jour., Mar., 1922). 

CHRONIC DIARRHEA. 

Etiology. — The chronic form of 
diarrhea is met with as the result of a 
previous acute attack or arises in an 
insidious manner from prolonged irrita- 
tion of the intestinal canal by ill-digested 
and more or less fermenting food. 

In those cases in which it is the result 
of an acute attack we have, as a rule, to 
deal with definite organic lesions. In 
some the persistent irritation is due to 
an ulceration of the iiuestinal wall, gen- 
efally follicular, but occasionally catar- 
rhal in character. In others we meet 
with an atrophic condition of the tubu- 
lar glands and villi in the small intes- 
tines, associated with marked cell pro- 
liferations in the adenoid tissue of the 
mucosa (Holt). In a few instances the 
constitution of the infant has been so 
profoundly impaired by the acute attack 
that the various systemic functions are 
re-established with difficulty. Digestion 
continues to be imperfectly performed, 
and fermentation with the development 
of irritating and toxic products takes 
place, leading to a continued systemic 


intoxication, which manifests itself in 
anemia, defective general nutrition, and 
an irritable nervous system, and is asso- 
ciated with persistent looseness of the 
bowels. 

Symptoms. — Cases of chronic diar- 
rhea form a considerable proportion 
of the diarrheas met with during the 
autumn. In the first class of cases the 
symptoms of acute inflammation have, 
to a great extent, subsided ; the tempera- 
ture remains, for the greater portion of 
the day, normal, and sometimes falls 
even below the normal line; pain and 
tenderness have almost entirely passed 
away, but the motions still remain too 
frequent; their odor is offensive, blood 
is occasionally seen in the form of 
minute dark specks, and mucus of a 
greenish or brownish color is still pres- 
ent in considerable amount. The con- 
sistence and color of the stools are 
variable. At one time they are of nearly 
normal consistence and fairly homo- 
geneous; at other times they are quite 
fluid and associated with much flatu- 
lence. Prolapse of the bowel occurs 
only occasionally. 

The appetite is very variable ; vomit- 
ing may occasionally occur; but a fair 
amount of nourishment is generally 
taken during the twenty-four hours. 
Nevertheless, the infant remains pale 
and weak, and lies in a helpless and 
apathetic manner. As the disease pro- 
gresses nutrition steadily fails, and 
weight is lost, chiefly through wasting 
of the subcutaneous tissues, so that the 
inelastic skin hangs in folds over the 
shrunken limbs. In many cases the ab- 
domen may be distended, but in others 
it is soft and retracted. Palpation gen- 
erally reveals the liver and spleen to be 
of normal size. The mesenteric glands 
through the abdominal walls can rarely 
be felt, although in post-mortem exam- 
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inations they are generally found to be 
enlarged. Petechial spots occasionally 
are seen on the abdomen and on the 
extremities. The circulation is very 
feeble. The lower limbs are always 
cold, sometimes cyanotic, and occasion- 
ally edematous. The urine is scanty. 
The nervous system suffers with the 
general failure in nutrition. The infant 
is peevish, easily disturbed, and sleeps 
badly at night. 

The progress of these cases is by no 
means uniform. Some weeks may show 
a slight gain; but trivial causes, a chill 
to the surface of the body or a slight 
irregularity in feeding, may bring on a 
relapse, in which the gain is usually soon 
lost. 

Complications are apt to arise. Thrush 
is not uncommon. The frequency of a 
latent otitis must always be remem- 
bered. P>ronchitis is liable to appear 
and may develop into a ])ncumonia. 
Occasionally we meet with a general 
adenitis or a still more distressing fu- 
runculosis. Only rarely is nephritis 
encountered. 

While a fatal termination occurs in a 
large i)ercentage of these cases, in a few 
under careful dietetic and hygienic 
treatment the appetite gradually returns, 
the st<x>ls become more normal, nutri- 
tion gradually imj^roves, and in time 
convalescence is thoroughly established. 

In a second class of cases chronic 
diarrhea establishes itself without any 
preceding acute attack. Eustace Smith 
considers that in a considerable number 
the affection is' due to repeated chillings 
of the surface of the body, producing a 
catarrhal condition of the gastrointes- 
tinal tract. 

A faulty dietary is at all times 
an important factor, especially v^hen 
associated with the depressing influence 
of unhygienic surroundings. This form 


of diarrhea is frequently met with in 
foundling institutions and hospitals. 

The onset of the attack is gradual and 
insidious. A failure to gain in weight 
or an actual loss may be the first symp- 
tom demanding attention. The evacua- 
tions will be found to be more frequent 
than normal, unduly large in amount, 
pale in color, and pasty in consistence. 
As the disease progresses the stools be- 
come quite frequent, at times frothy 
and sour-smelling, at other times thin, 
dark-colored, and offensive. The abdo- 
men is distended. A cool perspiration 
occurs when the infant falls asleep. The 
urine becomes scanty and contains both 
indican and urobilin. The skin assumes 
an earthy hue, and the face acquires a 
curious look of old age. The infant lies 
in its cot in a heli)lcss apathetic state, 
and makes its wants known by a scarcely 
audible whine. Such infants readily 
succumb to some intercurrent disease. 
Any of the complications which we 
have already referred to in connection 
with the preceding grouj) may be met 
with in this condition. The mortality is 
very great. 

Diagnosis. — It is often difficult in 
these cases to decide whether the 
condition present in the intestine is a 
sufficient explanation in itself of the 
serious failure in general nutrition, or 
whether we have, in addition, to deal 
with some underlying constitutional dis- 
ease. The question will always be a 
difficult one, but the physician will act 
wisely if he bases his opinion upon the 
history of the case and the general con- 
dition of the patient rather than upon 
any one particular symptom or physical 
sign. 

Prognosis. — The prognosis in cases 
of chronic diarrhea must always be 
very guarded. To some extent it is 
dependent upon the previous constitu- 
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tion of the infant, on the hygienic con- 
ditions obtainable, and upon the zeal 
and regularity witli which all instruc- 
tions arc carried out. When ulceration 
is present to any considerable degree, 
the prognosis is always bad, although, 
under favorable conditions, not hope- 
less. In determining its existence 
our chief dependence must be placed on 
the previous history. The longer the 
inflammation has lasted and the higher 
has been the temjieraturc, the greater 
the probability of ulcerative lesions 
(Holt). 

Treatment. — With the conditions 
present in chronic diarrhea no good, 
but often harm, may result from 
the employment of ordinary astringent, 
or even antiseptic, remedies adminis- 
tered by the mouth. If drugs are to be 
given only those should be employed 
which will not disturb the stomach, and 
may, to some extent, improve general 
nutrition. Some cases among older in- 
fants do, undoubtedly, derive benefit 
from the prolonged administration of 
iron. It may be given in one of its 
acid preparations or in a neutral and 
less irritating salt. Nutrition may, 
to a small extent, be assisted by the 
inunction over the abdomen, or body 
generally, of codliver oil or cocoa but- 
ter. The moderate employment of 
stimulants is called for in almost all 
cases. Great attention must be given 
to the proper regulation of the die- 
tary; to this end the stools should be 
frequently examined. Fats should be 
eliminated completely until distinct im- 
provement sets in, and then only per- 
mitted in small amounts. Milk must be 
fat free. 

Buttermilk, as recommended in 
the acute form of diarrhea, has, in my 
hands, often proved of value. Starchy 
foods should be more or less predigested. 


Considerable benefit may be derived 
from the employment of scraped meat, 
meat juice, broths, and peptonized meat 
foods. No absolute rules can be laid 
down suitable for all cases, but each case 
must be studied by itself. 

We have before insisted upon the 
necessity of placing the patient under 
the most perfect hygienic conditions 
attainable, and especially of securing an 
abundance of fresh air. In the treat- 
ment of those cases which arc deemed 
to be dependent upon ulcerative condi- 
tions our chief therapeutic reliance must 
be placed on the careful use of astrin- 
gent injections into the colon. Weak 
solutions of silver nitrate (1 : 2000 to 
1:1000), or one of the salts of zinc 
( 1 : 500 to 1 : 250) , or of tannic acid 
(1:100), or of the fluidextract of 
hamamelis (oiv to Oj — 16 to 30 c.c.), 
or the colorless fluidextract of hydras- 
tis (oij to Oj — 8 to 30 c.c.) may prove 
of value. These injections should 
only be used after thorough irrigation 
of the bow^el by normal saline solu- 
tion, and to be of service should 
reach at least all the descending colon. 
This method of treatment may easily 
be overdone. Their too frequent em- 
ployment has often appeared to de- 
press the infant and to irritate the in- 
testinal mucosa. Warm injections of 
thin starch water or of gelatin have, 
on the contrary, often a very soothing 
eflFect, 

Opium should be made use of only 
to moderate excessive peristalsis, and 
in these cases it is best given in a 
little starch water by rectal injec- 
tion. (For CHOI.ERA Infantum see 
Vol. III.) 

A. D. Blackader 

AND 

William Francis, 

Montreal. 
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DIATHERMY. See Electro- 
therapeutics. 

DIAZO-REACTION. — Ehrlich dis- 
covered that in certain pathological con- 
ditions the urine gave a deep-red color 
when treated with diazo-compounds and 
ammonia. This has been called the diazo- 
reaction, which normal urine never gives. 

Von Jaksch (Clinical Diagnosis, 
1897, p. 375) believes the reaction to 
be due to acetone. “Spath claims 
that the reaction should be ascribed 
to oxyproteic (uroproteic) acid, a 
recently discovered normal urinary 
constituent, in case the urine con- 
tained an increased quantity of this 
substance.” (Diagnostic Methods, 
Salili, 19()9). Sahli attributes the re- 
action to a pathological decomposi- 
tion of the protcids. Todd (Clinical 
Diagnosis, 1912) attributes the pres- 
ence of acetone bodies in the urine 
to “some oliscure metabolic disturb- 
ance resulting from digestion of 
fats.” Clinical evidence does not 
show the reaction to lie due to ace- 
tone or uroproteic acid, but shows 
rather that the reaction is due to an 
allied substance resulting from dis- 
eased metal)olism, or, which is less 
probable, an overproduction of the 
named constituents occurring in suffi- 
cient quantities to give the test only 
in diseased conditions. C. S. Vivian 
(Med. Rev. of Reviews, Dec., 1912). 
Two solutions are necessary: — 

Solution “A” consists of 

Sulphanilic acid . 5 Gm, (lj4 drams). 

Concentrated hydro* 
chloric acid ... 50 c.c. (1% ounces). 

Water 1000 c.c. (1 quart). 

Solution “B” consists of a Yi per cent, 
aqueous solution of sodium nitrite. 

TEST. — Fifty parts of solution ‘‘A” and 
1 part of solution “B” are thoroughly 
mixed in a clean test-tube. To this is 
added an equal volume of urine, and the 
mixture is well shaken. A few drops of 
strong ammonia are allowed to run down 
the side of the test-tube. If the reaction 
is positive a red ring will be produced 
at the line of contact of the first mixture 
and the ammonia. Upon shaking, the 


whole solution assumes a bright-red color, 
the same color being imparted to the 
foam. If allowed to stand about twenty- 
four hours a green precipitate forms at 
the bottom of the tube. Ehrlich regarded 
this as an especial characteristic of the 
true diazo-reaction, although it is not al- 
ways present. 

Normal urine gives an orange color 
when treated with the above solutions. 
Sometimes the urine assumes a yellow 
color before the addition of the ammonia, 
upon the addition of which it becomes a 
lighter yellow. This Ehrlich called the 
“egg-yellow reaction,” and is supposed to 
])e due to the presence of urobilinogen. 
This reaction is supposed to be especially 
indicative of the approaching crisis in 
pneumonia, li there is an excess of bil- 
iary pigment in the urine a dark discolor- 
ation may occur which becomes, upon 
boiling, a reddish-violet color. 

New method of performing the 
diazo-reaction of Ehrlich. The writer 
enijiloys paranitrudiazobenzol sul- 
phate, known in commercial chemis- 
try as azophorrot V. N. The test is 
performed in the following manner: 
A few granules of azophorrot P. N. 
are placed in a test-tube with water 
(tap water may be used). The tube 
is inverted once or twice. Enough 
of the reagent is thus dissolved in 
the cold foi use in the test. The 
urine is treated carefully with potas- 
sium or sodium hydrate (not with 
ammonia) until a slight turbidity re- 
mains. The aqueous solution of azo- 
phorrot P. N. is then added. If a 
bright-red color appears and, after 
shaking, the foam is red, the re- 
action is positive. With an intense 
reaction the color is cherry red. In 
a large series of cases tested with 
this method and the original tech- 
nique of Ehrlich, the results corre- 
sponded invariably. K. Feri (Wiener 
klin. Woch., Bd. xxv, S. 919, 1912). 

Certain drugs, chrysarobin, opium, and 
the phenol derivatives, cause the urine to 
give an apparently positive diazo-reaction, 
which is not the true reaction. According 
to Wood the foam is more of a yellow 
color than in the true diazo; tlie green 
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precipitate never forms upon standing; the 
color is more permanent in the diazo, and 
does not ft'ide up‘»n the addition of a 
strong mineral acid, liurghart observed 
that a negative cliazo-reaction occurred 
after such drug> as tannic acid, tannigen, 
and tannalbin had been given. 

SIGNIFICANCE OF THE DIAZO- 
REACTION. — A positive diazo-reaction 
usua]l.v occurs about the fourth day in 
typhoid fever, and it was formerly sup- 
posed to be pathognomonic of that dis- 
ease. Although usually present in typhoid 
fever, its iiresencc alone does not warrant 
a positive diagnosis of this disease, while 
its absence does not indicate a negative 
diagnosis. 

Typhoid bacilli can be found in the 
blood early in the disease, but less 
frequently thereafter, contrary to the 
experiences with the agglutination 
reaction which increases as the dis- 
ease progresses. In the 167 cases 
reviewed, the diazo-reaction was posi- 
tive in 65.2 per cent.; in 113 cases the 
leucocytes numbered less than 6000 
in 63.6 per cent., up to 10,000 in 32 
per cent, and over 10,000 in only 4.4 
per cent., including 2 convalescents 
and an infant. The writer’s experi- 
ence thus emphasizes the diagnostic 
importance of the diazo-reaction and 
of hypoleucocytosis. Bacteriologic 
examination of the blood with 
Kayser’s bile-tubes permitted an 
early diagnosis in 100 per cent, of the 
16 cases examined during the first 
week. He regards paratyphoid as an 
entirely different disease from typhoid, 
his experience confirming the fact 
that infection is derived from meat, 
especially pork, or external contami- 
nation of foodstuffs, while typhoid is 
derived from human sources. Minertz 
(Med. Klinik, Sept. 25, 1910). 

When in typhoid fever a urine 
shows the diazo-reaction, it becomes 
necessary, in order to avoid mistakes, 
to ascertain whether the reaction is 
not due to phenolpthalein. As the 
presence of this drug can be easily 
demonstrated by addition of alkalies 
it is only necessary to test the urine 
with a few drops of some alkali; a 
pink or reddish color shows the 


presence of phenolphthalcin. If this 
reaction is negative we have a true 
diazo-rcaction. But in case this reac- 
tion is positive (the urine becomes 
red after the addition of alkalies), 
we may have the phenolphthalcin re- 
action alone, or a true diazo-reaction, 
together with the reaction produced 
by phenolphthalein. In order to test 
the urine in such a case of a sus- 
pected “mixed” reaction, add a few 
drops of some acid to the test-tube in 
which there is a positive diazo-re- 
action. If the color disappears al- 
together and appears again only after 
the addition of enough alkali to 
render the mixture alkaline, the reac- 
tion is due to phenolphthalein alone. 
If after the addition of acid the color 
becomes lighter, but docs not disap- 
pear completely and becomes more 
intense by addition of enough alkali 
to render the mixture alkaline, the 
reaction is due to the substance or 
substances producing the true diazo- 
reaction and also to the presence 
of phenolphthalein. Levison (Med. 
Rcc., April 1, 1911). 

A positive diazo also occurs in measles, 
pneumonia, miliary tuberculosis, scarlet 
fever, diphtheria, erysipelas, and rarely in 
rheumatism and meningitis. 

Study of the diazo-reaction in 
scarlet fever, diphtheria, and serum 
sickness to determine its diagnostic 
value in cases of serum sickness ex- 
hibiting a scarlatiniform eruption. A 
large number of diphtheria cases 
develop serum sickness with rashes 
of a scarlatiniform, morbilliform, or 
urticarial nature. The first type 
offers the greatest diagnostic diffi- 
culty, as it develops from the second 
to the sixth day after administration 
of antitoxin. Kerr and Rivier found 
the diazo-reaction invariably absent in 
scarlatiniform erythema due to serum 
disease, and the latter found it posi- 
tive in 56 per cent, of cases of scarlet 
fever. The writers studied altogether 
502 cases as follows: 375 cases of 
scarlet fever, 56 cases of diphtheria, 
and 37 cases of serum sickness. The 
scarlet-fever cases showed the diazo- 
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Comparative Diagnosis of Typhoid by the Widal, Diazo, and Russo Tests, 



WIDAL. 

DIAZO. 

RUSSO, 

Appears 

Appears in typhoid 

Appears early in 

Appears in typhoid 

when? 

fever. Usually 
after first week. 

typhoid fever. 

fever. 

Relapses and 

Relapses or compli- 

Reappears with re- 

A positive reaction 

complications. 

cations appear to 

lapses but not with 

which grows in 


have no effect on 
reaction. 

complications. 

intensity probably 
points to a grave 
or fatal issue. 

Reaction time? 

Observations of 2 to 

Technic rapidly 

Technic rapidly com- 


24 hours necessary. 

completed. 

pleted. 

Acute miliary 

Never present in this 

May appear in this 

Perhaps never 

tuberculosis. 

disease. 

disease. 

present. 

Always present 
in typhoid? 

No. 

No. 

Yes, perhaps in every 
case of true ty- 
phoid. 

In measles? 

No. 

Sometimes. 

No. 

Ill pneumonia? 

No. 

Sometimes. 

? 

In malaria? 

No. 

Sometimes. 

No. 

In small-pox? 

No. 

No. 

Yes. 

Chronic 

tuberculosis? 

No. 

Yes. Often occurs 
late in fatal cases. 

Yes. 

Effect of drugs taken 

None. 

It is probable that 

The positive test 

internally? 


no drug taken in- 
ternally gives the 
true diazo reaction. 
Certain drugs may 
interfere with the 
positive test. 

seems to be given 
by several drugs, 
notably urotropin. 

Reaction late in 
typhoid? 

The rule. 

A diazo test which 
makes its first ap- 
pearance after the 
second week points 
to acute miliary tu- 
berculosis. When 
a positive reaction 
suddenly appears 
during convales- 
cence a relapse is 
to be expected. 


Persistent reaction 

Gives no diagnostic 

May persist through- 

Persistent reaction 

in typhoid? 

nor prognostic in- 

out infection with- 

probably spells a 


formation. 

out any .special sig- 
nificance. 

bad prognosis. 


William (Archives of Diagnosis, Jan., 1912). 

reaction positive in 8.53 per cent. cent, positive. Rashes in serum sick- 

Thc largest number of po.sitive re- ness gave a general average of 10.8' 

actions occurred during the first week per cent, positive. Sixteen cases of 

of the disease, when the rash was the scarlatiniform type showed 1 posi- 

present, and gradually dimini.shed tive diazo, or 6.2 per cent. Of 18 

and disappeared with convalescence. urticarial types 2 were positive, or 

Uncomplicated cases of diphtheria 11.1 per cent. In 3 cases of the 

showed a general average of 5.4 per morbilliform type none were pbsitive. 
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In the 1 positive ease of the scarla- 
tinifor'm type, in which there were no 
other syniptonis of scarlet fever, there 
ensued an uneventful recovery and no 
desquamation. Tlie positive diazo here 
may have been due to the diphtheria. 
The writers place little value on the 
diazo-reaction as a point of difTcrential 
diagnosis, because it is positive in only 
15 per cent, of scarlet-fever cases dur- 
ing the first week, and because it was 
positive in 12.9 per cent, of diphtheria 
cases during the first week. The re- 
action was found i^ositive in 75 per 
cent, of cases of measles. Therefore, 
a negative reaction in a case of mor- 
billiform eruption would be of value in 
differential diagnosis between serum 
sickness and measles. S. S. Woody 
and John Kolmer (Archives of Pedia- 
trics, vol. xxix, No. 12, 1912). H. 

DIETHYL BARBITURIC 
ACID. See Veronal. 

DIETHYLENEDIAMINE. See 

PlPERAZlN. 

DIETHYLMALONYLUREA. 

See Veronal. 

DIGITALIS. — Dig-italis is offi- 
cially defined as the dried leaf of 
Digitalis purpurea (Scrophulariaceae). 
The plant is considered indigenous 
to central and southern Europe, and 
is found, among other localities, in 
the United Kingdom and especially 
Germany. It grows wild on gravelly 
or sandy soils in young plantations, 
at hedge-sides, and in hill-pastures, 
but is also extensively cultivated. It 
has been introduced in America, but 
is still grown more as an ornament 
to gardens and in hot-houses than 
for commercial purposes. Digitalis 
of excellent quality grows abundantly 
on the northern Pacific coast of the 
United States. 

The digitalis plant, which is the 
source of all our medicinal prepara- 
tions< is a biennial herb with an erect 


stem twelve to fifty inches in height ; 
numerous drooping, tubular, purple- 
spotted (occasionally white) or pur- 
ple flowers, and large, alternate, ovate 
or ovate-lanceolate, crenate, rugose 
leaves. The latter are downy, espe- 
cially on their grayish-green or 
-brown under surfaces; usually ex- 
hibit a purplish midrib, and taper 
into winged petioles. 

The leaves constituting the official 
digitalis were formerly required to be 
of the second year’s growth, but ac- 
cording to experts in these matters, 
fully developed leaves of the first year 
plant, collected toward the end of the 
season, are quite as active as those of 
the second year. Neither does the 
locality of growth necessarily exert as 
great an influence upon the activity of 
digitalis as has been asserted (Hale), 
although digitalis growing wild, espe- 
cially in hilly districts (Butler), is 
generally believed to be more active 
than that which is cultivated. Al- 
though leaves grown in England have 
long been considered the best, Hale 
has demonstrated American leaves to 
be of equal value. 

More important than the factors al- 
ready referred to are the methods 
adopted in drying the leaves and 
storing the galenical preparations. 
The leaves should be dried in the 
dark, at a temperature not greatly 
exceeding 100° C. Properly cured, 
they exhibit a dark-green hue and an 
almost total lack of odor, except that 
generally possessed by dried herbs 
and leaves, which is frequently de- 
scribed as ‘‘tea-like.’’ Once dried, the 
leaves should be kept in well-filled, 
dry, opaque and air-tight containers. 
In the German Pharmacopeia it is 
specified that both leaves and powder 
are to be kept over freshly calcined 
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lime, which absorbs any moisture 
present, and are to be discarded after 
a period of one year. 

However carefully the drug may 
have been dried and stored, a more 
or less considerable deterioration, the 
rate of which cannot be definitely 
foretold, is likely to take place. This 
is true likewise of the fluid prepara- 
tions of digitalis. Furthermore, as 
obtained by the physician, the fluid 
galenicals may not only be deficient in 
strength, but instead may err on the 
side of excessive potency, largely 
owing to the evaporation of the men- 
struum from imperfectly closed con- 
tainers. Thus, Pittenger, testing 51 
samples of digitalis tincture, observed 
a variation in their activity ranging 
from 30 to 444 per cent. (100 per cent, 
being wStandard strength), while 16 
samples of digitalis fluidextract as- 
sayed at from 26 to 160 per cent. 
Goodall, testing 23 samples of the 
tincture freshly made by chemists of 
repute, found only 12 to be of average 
strength. In view of these pro- 
nounced discrepancies, and the pos- 
sibility of consequent harm, exact 
clinical use requires that the digitalis 
employed shall have been physiologic- 
ally standardized, either by the frog- 
heart permanent systole method or 
by the minimal lethal dose method in 
mammals, and that, in the case of 
fluid preparations, the containers 
in which the drug has been stored 
away shall have been kept tightly 
corked. 

The U. S. Pharmacopoeia, in recog- 
nition of the importance of proper 
standardization, especially since it 
has become customary to give digi- 
talis in the maximum tolerated dos- 
age, makes the following provision 
in this connection: “Digitalis, in the 


form of the tincture, properly injec- 
ted into the ventral lymph sac of a 
frog, has a minimum systolic dose 
(the minimum dose producing in one 
hour a stoppage of the ventricle of 
the heart in systole) not exceeding 
0.006 c.c. of tincture, equivalent to 
0.00,000,05 Gm. of ouabain, for each 
gram of body weight of frog.’’ 

That the standardization shall have 
been fairly recent is another import- 
ant point, since leaves or galenicals 
assayed a year before may have lost 
a portion of their strength during that 
time. 

The further danger which formerly 
sometimes arose from the substitu- 
tion by unscrupulous druggists, in 
bottles bearing the labels of reliable 
pharmaceutical houses, of inferior 
preparations for the original properly 
standardized contents, has been les- 
sened by the official adoption of the 
requirement of biological standard- 
ization. 

Eight samples of digitalis fluidex- 
tract, made with 62.5 per cent, alcohol, 
showed an average annual loss in 
activity of about 4 per cent. Eleven 
samples of the fluidextract made with 
48 per cent, alcohol showed an average 
loss of 10 per cent, per year. Six 
samples of digitalis tincture showed an 
annual loss of 9 per cent. Houghton 
and Hamilton (Amer. Jour, of Pharm., 
Oct., 1909). 

Among 23 samples of tincture of 
digitalis examined the limits of the 
variation were from 275 per cent, over 
strength to 40 per cent, under. It 
seems safe to believe that the tincture 
retains its full activity for one year, but 
that after that period deterioration of 
the drug is likely to have taken place. 
Goodall (Brit. Med. Jour., April 20, 
1912). 

Digitalis deteriorates in the pres- 
ence of water. It is irrational to 
dispense the tincture of digitalis al- 
ready diluted with water, or with an 
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aqueous vehicle. The physician 
should order the necessary dilution 
to be made by the patient each time 
he takes the prescribed dose, or 
should employ a vehicle containing 
a sufficient amount of alcohol. R. A. 
Hatcher and Cary Eggleston (Amer. 
Jour, of Pharm., May, 1913). 

Series of experiments carried out 
1, to show that tinctures of digitalis 
deteriorate quite rapidly, and 2, to 
disprove the statements made at sev- 
eral medical society meetings, that 
fat-free preparations deteriorate more 
rapidly than the regular U. S. P. 
tincture. The physiologic assays were 
made on each of 15 samples 5 and 8 
months, resi)ectively, after the first 
test. Pittenger and Mulford. Jr. 
(Jour. Amer. Pharm. Assoc., Mar., 
1918). 

Series of tests showing that the 
rate of deterioration of tincture of 
digitalis varies greatly with different 
lots. While the great majority of 
samples deteriorate, and some de- 
teriorate very rapidly, there are quite 
a few samples which apparently do 
not show deterioration at all, and in 
many cases preparations deteriorate 
rather rapidly during the first 3 
months and then remain practically 
permanent. The average deteriora- 
tion in 9 to 13 months of 43 samples 
was 18.8 per cent. The average de- 
terioration of 38 samples during the 
first 3 or 4 months was 4 per cent, 
per month; of 32 samples after the 
first 3 or 4 months, 2.4 per cent, per 
month. P. S. Pittenger (Jour. Amer. 
Pharm. Assoc., Dec., 1918). 

CONSTITUENTS OF DIGI- 
TALIS. — The active constituents of 
digitalis belong to the group of the 
glucosids, — relatively unstable sub- 
stances as a rule, from which sugar 
is set free by certain enzymes or by 
heating with a dilute acid or alkali. 
The chief principles were isolated by 
Schmiedeberg and Kiliani : — 

Digitoxin, a crystalline glucosid 
with well-defined chemical character- 


istics, insoluble in water, very slightly 
soluble in ether, freely soluble in alco- 
hol and in chloroform. This is the 
most powerful acting constituent of 
digitalis, and is contained in it to the 
extent of 0.2 to 0.6 per cent. 

Digitalin (digitalinum verum), an 
amorphous glucosid considered chem- 
ically definite by Kiliani, and fstated 
by him to be soluble in 1000 parts of 
water. It dissolves readily in alcohol, 
but slightly in chloroform and in ether. 

Digitalcin, an amorphous, glucosidal 
body, considered a definite compound 
by Kiliani, but accepted by Kraft only 
as a generic term for all the active 
digitalis glucosids that are soluble in 
water. Thus, there may exist several 
digitaleins, all having this property. 

Digitophyllin, a crystalline glucosid 
isolated by Kiliani from the leaves of 
digitalis, and not present in the seeds. 
It is soluble in alcohol, but almost in- 
soluble in water. By some it is con- 
sidered identical with the substance 
widely used in France, known as 
“digitaline cristallisee.’’ 

All the above are therapeutically 
active. The following is of little or 
no value in this respect: — 

Digitonin, a substance belonging to 
the group of saponins. Amorphous 
digitonin is soluble, but the cry.stalline 
almost insoluble in water. The sub- 
stance is also fairly soluble in alcohol, 
but practically insoluble in ether and 
chloroform. According to Kiliani 
digitonin is present only in the seeds 
of digitalis. Kraft, however, refers to 
a similar body which is contained in 
the leaves. Digitonin possesses the 
useful property of keeping the in- 
soluble glucosid digitoxin in solution 
in aqueous preparations of digitalis, 
such as the infusion, or when the 
digitalis leaf is taken by the mouth. 
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Other substances contained in digi- 
talis include digitin, an inert crystal- 
line substance; gitalin, a physiologic- 
ally active glucosid ; digitalosmin, a 
stearoptene imparting to digitalis its 
odor and an acrid taste; digit oflazf one, 
a yellow pigment; also a red pigment; 
an oxidizing ferment occurring in 
leaves recently dried, and ash to the 
extent of 10 to 16 per cent. 

Most preparations of the separated 
active principles of digitalis on the 
market are obtained from the seeds. 

PREPARATIONS AND DOSE. 
— The following preparations of this 
drug are recognized : — 

Digitalis, U. S. P., the dried leaf. 
Dose, to 3 grains (0.03 to 0.2 Gm.) ; 
average V /2 grains (0.1 Gm.). 

Infusnm digitalis, LJ. S. P. (infusion 
of digitalis), prepared by adding to 15 
Gm. of digitalis in fine powder 700 c.c. 
of boiling water, covering tightly, al- 
lowing to macerate for one hour, fil- 
tering, adding 100 c.c. of alcohol and 
150 c.c. of cinnamon water to the 
filtrate, passing enough cold water 
through the residue on the filter to 
make 1000 c.c., and mixing well. Dose, 
1 to 4 fluidrams (4 to 16 c.c.) ; average, 
1J4 fluidrams (6 c.c.). 

Tinctura digitalis, U. S. P. (tincture 
of digitalis), 10 per cent., prepared by 
percolation and maceration. Biologi- 
cally assayed: “Tincture of digitalis, 
injected into the ventral lymph sac 
of a frog, has a minimum systolic 
dose of not less than 0.0055 c.c. and 
not more than 0.0065 c.c., equivalent 
to not less than 0.00,000,046 Gm. and 
not more than 0.00,000,054 Gm. of 
ouabain, for each Gm. of body weight 
of frog.’' Dose, 5 to 30 minims (0.3 
to 2 c.c.) ; average, 15 minims (1 c ^.). 

Fluidextractum digitalis, N. F. (fluid- 
extract of digitalis), prepared by per- 


colation of the powdered leaves with 
diluted alcohol. Biologically assayed. 
Dose, 1J4 minims (0.1 c.c.). 

The following preparation is no 
longer recognized: — 

Extractiim digitalis, U. S. P. VIII 
(extract of digitalis), prepared by 
evaporating the fluidextract until it is 
reduced to a pilular consistence. Dose, 
% grain (0.012 Gm.). 

The active substances present in the 
infusion of digitalis appear to be al- 
most exactly the same as in the tinc- 
ture. It is stated, however, that a 
greater relative proportion of digi- 
toxin is present in the latter and 
larger amounts of digitalein and digi- 
tonin in the former. 

Though in most cases the tincture 
suffices, sometimes other preparations 
arc better tolerated. In not a few the 
powdered leaf or some of the similar 
preparations arc borne in sufficient 
unit-dosage when the patient is in- 
tolerant to satisfactory doses of the 
tincture. The leaves, prescribed with 
sodium bicarbonate combined with 
quinine or given with various diges- 
tives, may occasionally be also very 
effectively employed instead of the 
tincture. Harlow Brooks (Trans. Coll. 
Phys. of Phila., 1925). 

The following unofficial prepara- 
tions of or derived from digitalis have 
come into use : — 

Digitalin, German ( digital inum ger- 
manicum), a mixture of glucosids 
obtained from digitalis seeds by ex- 
traction with alcohol, precipitation 
with tannic acid, decomposition of 
the tannate with acetate of lead or 
zinc, and purification of the residue. 
The glucosids present are said to 
include about 50 or 60 per cent, of 
digitonin, one-tenth that percentage 
of true digitalin, as well as digitalein. 
The substance occurs as a yellowish, 
amorphous powder, and has the valu- 
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able property of being entirely solu- 
ble in water as well as in alcohol, 
though it is insoluble in ether and 
chloroform. It can be given hypo- 
dermically, and is claimed not to pro- 
duce gastric irritation when taken by 
mouth, except in large doses. The 
ordinary dosage varies from Yrj to % 
grain (0.005 to 0.02 (jin.); in emer- 
gencies, doses of 1, or even 3 
grains (0.03 to 0.2 Gm.) may be given. 

The oflicial tincture of digitalis is 
al)s<)rl)ed more rapidly from the gas- 
trointestinal tract of cats than is the 
infusion. Digalcn is likewise absorbed 
more rapidly. Plaskell, McCants and 
Gardner (Arch, of Internal Med., 
Aug., 1916). 

The infusion should be discarded in 
3 to 5 days, unless kept at low tem- 
perature, when the time may be ex- 
tended to 6 to 7 days. Pomeroy and 
Weyl (Amer. Jour, of Pharin., xcii, 
394,' 1920). 

Testing 15 samples of the infusion 
from retail pharmacies by the Hatcher 
and Brody cat method, the writer 
found that the 5 prepared by simple 
dilution of the fluidextract averaged 
62.6 per cent, of theoretic activity, 
while the 10 prepared by the U. S. P. 
method averaged only 38.1 per cent. 
He stresses the need of an improved 
method of preparing fhc infusion. A. 
R. Bliss, Jr. (Jour, of Lab. and Clin. 
Med., Jan., 1922). 

Digitoxin (digitoxinum), a single 
glucosid obtained from digitalis leaves 
by extraction with 50 per cent, alco- 
hol, precipitation of useless material 
with lead acetate, evaporation of the 
supernatant fluid, repeated extraction 
of the residue with ether, and crystal- 
lization. Two forms, hydrated and 
anhydrous, respectively, are obtained, 
according as the digitoxin is crystal- 
lized from alcohol or from a chloro- 
form-alcohol mixture. The anhy- 
drous form is official in the French 
Pharmacopeia (Codex) as ‘‘digitaline 


cristallisee’' (“digitoxine”; ‘‘digitaline 
Nativelle”), and is extensively used in 
that country. Digitoxin is insoluble 
in water, but dissolves in 43 parts of 
90 per cent, alcohol and is easily 
soluble in chloroform. If given sub- 
cutaneously, digitoxin sometimes pro- 
duces marked local irritation. The 
single dose of digitoxin is usually 
stated as grain (0.00025 Gm.), 
but amounts as large as %4 grain 
(0.001 (jin.) and even ]4() grain (0.003 
Gm.) (Gorin) have been given. The 
maximum daily dose is %4 to 34o 
grain (0.001 to 0.003 Gm.). ‘'Digitaline 
chloroformique'' (“digitaline amor- 
phe’’ ; “digitalinum gallicum” ; Ho- 
molle’s digitalin) is a body probably 
consisting chiefly of digitoxin, and 
which is completely soluble in chlo- 
roform. It was formerly the official 
PTench “digitaline,” but is now re- 
placed by “digitaline -cristalHsee.” 
The close is generally stated to be the 
same as that of the latter. 

Use of French crystallized digitalin 
recommended. There are three ways 
in which it may be prescribed. First, 
in massive doses. Fifty drops of the 
1 in KXX) solution should be given 
once or twice in one day in those 
cases where asystole is threatening, 
and where there are edema, visceral 
congestion, deficient urinary elimi- 
nation, etc. After thirty-six to forty- 
eight hours abundant diuresis sets 
in, and the cardiac contractions in- 
crease in strength. Secondly, in 
small doses. These are indicated in 
cases of palpitation, cardiac erethism, 
and for the dyspnea of mitral ste- 
nosis (during compensation). From 
5 to 10 drops of the same strength 
of solution should be given daily for 
five consecutive days, and then 
omitted for three or four weeks, 
when these doses may be recom- 
menced. Thirdly, in very small 
doses as a cardiac tonic. From 2 to 
4 drops of the solution may be 
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given daily for weeks or months, omit- 
ting the doses every two or three weeks 
for one or two weeks. When a rapid 
action is required, crystallized digitalin 
dissolved in oil may he injected under 
the skin, without any subcutaneous irri- 
tation ; from to % mg. (Mioo to Mao 
grain) may be so injected. Huchard 
(Jour, dcs Prat., Dec. 1, 1906). 

Digitalinum verum (Sclimicdcbcr^^’s 
digitalin), considered a definite chem- 
ical compound, has been used with 
asserted good results, more especially 
in the milder forms of cardiac insuffi- 
ciency, by some clinicians. It is best 
given in dilute alcohol, in which it 
readily dissolves, but has also been 
administered in pills. Kobert states 
the maximum single dose to be 
grain (0.004 Gm.) and the daily dose 
grain (0.008 Gm.), while Mottes 
recommends that ''/ 2.50 grain (0.00025 
Gm.) be given every two or three 
hours. The average single full dose 
may be stated as grain ( 0.002 
Gm.). 

Digitol, a “fat-free tincture,” i.e., 
one from which the fixed and volatile 
oils which are supposed to contribute 
to the gastrointestinal irritation some- 
times produced by digitalis have been 
removed. Dose, same as of the official 
tincture. 

Digitalone, a sterile, non-alcoholic 
preparation of the same strength as 
the tincture, containing chloretonc as 
a preservative, and suitable for hypo- 
dermic use. Dose, same as the pre- 
ceding. 

Digalen (liquor digitoxini sWti- 
bilis), a solution said to contain 1 
part of Cloetta’s ‘‘amorphous soluble 
digitoxin” in 1000 parts of glycerin 
and 1600 parts of distilled water, with 
per cent, of alcohol added. The 
nature of Cloetta’s principle, which is 
said to be about 5 times as soluble as 


crystallized digitoxin and is prepared 
by a secret process, is not known. 
Kiliani believes it to be merely an 
amorphous substance containing a 
high percentage of digitalein. By 
some it is claimed to be the form in 
which digitoxin is present in, the 
digitalis leaf. Digalen may be used 
by mouth or intravenously ; according 
to Pagliano, intramuscular injections 
arc well borne. Dose, 8 to 32 minims 
(0.5 to 2 c.c.) ; maximum daily dose, 
^>6 minims (6 c.c.). Digalen tablets 
are also available. 

Upon extracting the amorphous digi- 
toxin, so called, from digalen tablets 
and using it in .solution in saline, the 
drug was found to be equal in activity 
to crystalline digitoxin ; the fatal dose 
per gram of frog was 0.0(385 mg. Cary 
Eggleston (Amer. Jour, of Pharm., 
March, 1913). 

Digipuratum, a greenish-yellow, bit- 
ter-ta.sting powder, ol>tained by re- 
moving about 83 per cent, of the inert 
and undesirable constituents from an 
alcoholic extract of digitalis by the 
addition of etlicr, petroleum benzin, 
or other precipitant, and reducing the 
resulting fluid to a powder by evap- 
oration with milk-sugar. The prep- 
aration is biologically standardized 
and is said to contain 0.4 per cent, of 
digitoxin and 4 per cent, of digitalin 
in the form of tannates. Its active 
components are soluble in weak alka- 
lies, but not in cold water. It is sup- 
plied in tablet or powder form, and 
the average dose is grains ( 0.1 
Gm.). 

Digipuratum is not entirely free from 
after-effects. The usual daily dose is 
3 tablets, but with individuals over 40 
years old, particularly with alcoholics, 
smokers or gouty patients, it is advis- 
able to begin with half the dose, since 
the stomach frequently will not tolerate 
larger amounts. The same' care is 
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necessary in pronounced arteriosclero- 
sis or contracting kidney. Veiel (Munch, 
nied. Woch., Sept. J7, 1910). 

J )igi]niratuni ns insoluble in cold 
water and dilute acids, but it is soluble 
in 0.1 per cent, sodium bicarbonate. It 
has al)()iit half the toxicity of ordinary 
digitalis leaves ( Scliuttler), It keeps 
well, is uniform in composition, con- 
tains all the glucosides of value in 
digitalis, and causes less gastric irri- 
tation than the powdered leaves. 
Mueller states that its efTect is ap- 
parent on patients after 0.4 Gm. ( 6 ^ 
grains) on the second day, and after 
0.3 (im. (5 grains) on the third day. 
\\^ bk Dixon (Quarterly Jour, of 
Med., No. 18, 1912). 

DigitalysaUiin, a fluid prepared by 
dialysis frt)ni the fresh undesiccated 
digitalis jdant. Eacdi grain (16 min- 
ims) is stated to rcjjresciit 0.12 Gm. 
(2 grains) of powdered digitalis 
leaves. The product contains 12 per 
cent, of alcohol. It is em])loyed in 
doses of 5 to IS minims (0.v3 to 1 
C.C.), internally or subcutaneously. 

MODES OF ADMINISTRA^ 
TION. — Oral. — Digitalis is usually 
administered by mouth, either in the 
form of the tincture, the infusion, or 
the powdered leaves. The question 
as to which of these ])rc])arations is 
the best has given rise to much dis- 
cussion. Most clinicians consider 
that where both cardiotonic and di- 
uretic effects are desired the infusion 
is most efficient, while under all 
other conditions the tincture should 
be used. German clinicians, however, 
manifest a general preference for the 
powdered leaves, notwithstanding 
the fact that these are probably 
somewhat more irritating to the 
stomach than the other preparations 
and perhaps less certain in absorp- 
tion. 

The various unofficial preparations 
of the digitalis glucosids are not, on 


the whole, considered in any way 
superior to the official galenicals*, ex- 
cept in the fact that glucosids kept 
in the dry form arc likely to preserve 
their efficiency for a longer time than 
Ihe leaves, and are thus, where there 
is no certainty of securing fre.sh, un- 
deteriorated galenicals, more reliable 
than the latter. Allbutt, for inter- 
mittent administration, speaks favor- 
ably of granules of the digitalins of 
Nativelle or Jfomolle. 

Since the effects of digitalis ad- 
ministered by mouth take several 
hours to ap])ear and, when once es- 
tablished, last for some days after a 
single dose, it is unnecessary to give 
the drug oftener than two or three 
times daily. It is usually adminis- 
tered with or just after meals, though 
Worth Hale, having found that the 
gastric juice tends to impair the ac- 
tivity of digitalis, recommends that 
the drug be taken between meals 
and a large quantity of water simul- 
taneously ingested to diminish the 
resulting gastric irritation. Accord- 
ing to Allbutt, combination of the 
drug with a cordial and light bitter, 
and requiring the patient to rest for 
half an hour after the digitalis has 
been taken, will tend to avoid the 
production of nausea. The infusion 
might also be iced, or given in an 
effervescent preparation. Digipu- 
ratum has been stated by several 
observers to be better borne by the 
stomach than the official prepara- 
tions. 

The dosage of digitalis is a matter 
usually requiring very careful con- 
sideration. The variations in the 
amount required in the treatment oi 
different cardiac lesions will be re- 
ferred to in the section on Thera- 
peutics, but certain general facts 
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may appropriately be referred to 
here. The chief criterion for judg- 
ing of suitable dosage is in most in- 
stances the degree of relief experi- 
enced by the patient from the vari- 
ous symptoms of cardiac inefficiency. 
While in some cases the dose may 
have, sooner or later, to be increased 
to considerably beyond the average 
amount, the aggregate of the earlier 
doses, except in emergencies, should 
l)e relatively moderate, so that if 
toxic symptoms ap])ear, destruction 
of the excess of drug present in the 
body can l)e soon effected. The pulse 
rate should be carefully watched, 
and the urinary output in particular 
be observed, any tendency to dimin- 
ution of the latter — excei)t immediately 
after the removal of edema with di- 
uresis — leading to a suspicion that 
the dose given is too large and is 
inducing renal vasoconstriction. 
Riegel emphasized the fact that, in 
chronic myocarditis especially, ex- 
cessive doses of digitalis might sud- 
denly lead to su])pression of urine. 
Likewise where, in conjunction with 
pronounced edema, renal activity is 
poor, toxic phenomena arc apt to 
appear from large doses, and the 
amounts given should therefore at 
first be moderate. 

In patients who have been taking 
digitalis for some time, intermission 
for an undue period is apt to result 
in a more or less serious setback in 
the general condition, even though, 
as is now believed, true habituation 
to digitalis, other than that implied 
in an increased ability of the gastro- 
intestinal tract to eliminate the drug 
unabsorbed, is a practically negli- 
gible quantity. 

In a review of newer concepts in 
digitalis therapy the writer gives the 


following dosage for the oral use of 
the remedy: 

Small Dose Method . — From 4 to 6 
days are generally required for digi- 
talization by this method; 2 to 4 
grains (0.12 to 0.25 Gm.) of the pow- 
dered leaf or 20 to 40 minims (1.25 to 
2.5 c.c.) of the tincture should be ad- 
ministered every 4 hours — 4 doses 
daily — and continued until digitaliza- 
tion is induced. With weak or poorly 
absorl)ed specimens of digitalis full 
digitalization may not be secured at 
all by this method or it may require 
10 days or more to secure it. 

Large Dose Method. — b>om 1 to 2 
days are required for digitalization. 
During the first 24 hours a dose of 
(> grains (0.4 Gm.) of the powdered 
leaf or 1 dram (4 c.c.) of the tincture 
should be administered every 6 hours, 
day and night for 4 doses. On the 
second day the dose should be reduced 
one-half and the interval may be short- 
ened to 4 hours, giving 4 doses per 
day and none at night. This latter 
dose and interval should be continued 
until full digitalization is secured. 

The Body Weight Method . — This 
method permits full digitalization 
within 10 to 20 hours from the begin- 
ning of administration and is speci- 
ally serviceable in cases manifesting 
urgent symptoms. Its use has proved 
so satisfactory during the 5 years ’ 
since its introduction that it has been 
possible very largely to do away with 
the necessity for the intravenous or 
intramuscular administration of oua- 
bain, strophanthin or other digitalis 
preparation. Cary Eggleston (Ainer. 
Jour. Med. Sci., Nov., 1920). 

Meyer warns again.st abandoning 
digitalis in cases where it does not 
seem effective at first. Thus, while 
in acute inflammatory states of the 
heart the drug is seldom of value, it 
may yield brilliant results later on. 
The same may be true in chronic dis- 
orders ; in particular, where treat- 
ment with full doses may have 
proven a failure, smaller amounts 
may be found distinctly beneficial. 
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Eggleston’s physiologic dose, if given 
in 18 hours, is iu<t safe outside of a 
hospital. In severe cases, however, the 
writer has often given such a dose 
within 48 hours. J. G. Carr 
Iowa State Med. Soc., Dec., 1921). 

There is no real preference, for the 
average cardiac case, between the single 
massive dose, a modified massive 
dose method, or regularly repeated 
small doses. The chief difference is 
the time required to produce a result. 
In a few very severe cases the modi- 
fied, massive dose method is preferable, 
and ticcasionally the single massive 
dose may be life-.saving. The safe dose 
for continued use is 1 to 1.5 c.c. of the 
tincture a day. Christian (Ilostoii Med. 
and Surg. Jour., July 13, 1922). 

Of the drug^s not infrequently .q’iven 
in combination with digitalis, nitrites 
require chief mention. The object in 
administering such vasodilators is to 
avoid any blood-jiressure-raising effect 
of digitalis in jiaticnts already pre- 
senting high tension, especially where 
there is pronounced arteriosclerosis. 
Nitroglycerin, given at shorter inter- 
vals than the digitalis itself, is most 
frequently used. Where the blood- 
pressure, liowcver, is not already high, 

• and vascular changes are not marked, 
combination of nitrites with digitalis 
is without advantage and may act- 
ually hinder the good effects of the 
drug. Iluchard advised the use of 
theobromine with digitalis where the 
pressor effect of the latter is feared, 
while Traube recommended that in 
cases of high blood-pressure laxatives 
be given as a preliminary measure. 

Many writers advise the giving of 
vasodilators to counteract the con- 
strictor effect of digitalis. It is high 
time that wc discard this hoary tradition. 
Most of the work done on digitalis has 
been with toxic doses, and vasocon- 
striction is one of the toxic effects. It 
has been shown clinically that in the 
majority of patients with beginning 


digitalis effect the blood-pressure falls. 
Conclusive proof that digitalis in clini- 
cal doses relaxes the peripheral vessels 
has been given by O. Muller and his 
pupils, who showed with the plethysmo- 
graph that there is a constant increase 
in the volume of blood in an extremity 
after the use of digitalis. Schmoll 
(Amcr. Jour. Med. Sci., Jan., 1911). 

For diuretic purpose.s sucli drugs as 
theobromine and theophyllin, squill, 
calomel, and the saline diuretics are 
frequently given with digitalis, the 
object being to supplement the car- 
diac and renal vasodilator diuretic 
effects of digitalis by direct stimula- 
tion of the kidney i)arcnchyma or 
other contri])Utory intlucnccs. Whitla 
considers agurin more effective than 
diuretin; he points out also that in 
rheumatic or gouty patients salicy- 
lates may he advantageously com- 
bined with digitalis for diuretic pur- 
poses. 

The following pill is advised by 
ITuchard and Fiessinger for coml)ined 
cardiotonic, cathartic, and diuretic 
effects : — 

B Puheris digitalis, 

Puheris scillcc, 

Pulveris scammonii. . . .aii gr. xv (1 Gm.). 
M. et ft. in pil. no. xx. 

Sig. : Four to six pills daily. 

It is often of decided advantage to 
combine digitalis with ergotin. In this 
way a. pronounced diuretic effect may 
be obtained even when a combination of 
digitalis with the modern diuretics has 
failed. The author uses the following 
formula : — 

Pulv. digitalis,. 1.0 Gm. (15 grains), 
llydrargyri chlo- 


ridi mitis ... 2.0 Gm. (30 grains). 

Scillcc 3.0 Gm. (45 grains). 

Ergotin 4.0 Gm. (60 grains). 

M. et ft. in pil. no. xl. 


Sig.: Four to six pills daily. 

If the circulatory disturbance returns 
and the pills are again indicated, the 
following formula may be substituted 
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Pulv. digitalis gr. xv to xxxviij (1.0 
to 2.5 Gm.). 

Hydrargyri 

chloridi 


mitis gr. viij (0.5 Gm.). 

Ergotin gr. xxxviij (2.5 Gm.). 

Scillce gr. xlv (3.0 Gm.). 


M. et ft. in pil. no. l. 

Sig.: Two pills three times daily. A. 
Hecht (Thcrap. d. Gegenwart, Mar., 
1911). 

Atropine or belladonna may be used 
with digitalis where undue vagus 
stimulation and excessive slowing of 
the heart are to be avoided, but are 
disadvantageous in that they reduce 
secretory activity, thereby impairing 
digestion, and tend to counteract the 
diuretic effect of digitalis. 

The writer cites Deschamps* recent 
thesis which reported 6 failures and 1 
success in 7 cases of auricular fibrilla- 
tion treated with quinidine alone, and 10 
successes with 8 failures in 18 cases in 
which the quinidine had been preceded 
by a course of digitalis regardless of 
whether or not the heart showed signs 
of insufficiency. Cheinisse (Presse 
mcd., Aug. 26, 1922). 

Quinine in small doses is not in- 
frequently of value when combined 
with digitalis in chronic myocardial 
disease, while iron is indicated in the 
numerous cases of valvular disease in 
which there is anemia: — 

B Tine fur ce digitalis, 

Tincturce ferri chloridi, 

of each f3iij (12 c.c.). 

Acidi phosphor id diluti. fSij (8 c.c.). 
Aqua chloroformi, q.s. 
ad fjviij (240c.c.). 

M. Sig.: Two teaspoonfuls in a half- 
glassful of water four times daily. (Whitla.) 

Rest in bed and, where edema is 
present, a reduction of the fluids 
ingested are valuable adjuncts to 
digitalis therapy. In severe c?ses 
Huchard gave 5 ounces (150 c.c.) of 
milk mixed with 1% ounces (50 c.c.) 


of water four times daily for three 
days, and thereafter undiluted milk, 
until the patient ceased losing weight 
from the digitalis diuresis, when solid 
food was resumed and the amount of 
fluids increased. Removal of salt 
from the diet is another procedure 
which in a certain proportion of causes 
materially favors the elimination of 
dropsical accumulations, and may 
thus assist the diuretic effect of 
digitalis. 

In children digitalis can usually be 
given in doses slightly larger than 
would be indicated by Young’s rule. 
Thus, to patients 6 to 10 years old, 
one-half the adult dose may be admin- 
istered. P'or infants 6 months old % 
to 1 minim (0.015 to 0.06 c.c.) of the 
tincture may be used (Griffith). As 
in adults, a close watch should be 
kept on the action of the (Jrug, and the 
dosage modified as reejuired by in- 
dividual peculiarities or the strength 
of the preparation used. Allbutt re- 
ferred to the following combination 
as suitable for children : — 

Infusi digitalis, 

Infusi senna, 

Infusi calnmba aa 5j (4 c.c.). 

M. Sig.: Three times daily before meals. 

Hypodermic Administration. — In 

whatever form used, digitalis is al- 
most certain to cause more or less 
local irritation when given hypoder- 
mically, and this route is therefore, on 
the whole, useful only for emergency 
cases, or where with the patient in a 
serious condition the stomach rebels 
upon oral administration. Either the 
tincture or the fluidextract may be 
used, though both have the disadvan- 
tage of including alcohol, itself an 
irritant. Among the unofficial prep- 
arations most frequently employed 
are digitol (a ‘Tat-free^' tincture), 
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digalen tal)lets, dig^ilalone (said to be 
least irritating when fresh), and 
German digitalin. Digitoxin may 
he injected in the following wSolution 
(Unverricht) : — 

H Dujitoxm pr. % (0.01 Gm.). 

AIloUoHs absoiuti ... (5 Gm.). 

Aqu(C (JcslillaUr (15 (jm.). 

M. Sig: Inject 8 to 16 minims (0.5 
to 1 C.C.). 

Strict aseptic precautions are to be 
taken in administering an injection of 
digitalis; abscess formation will then 
seldom occur. The injection should 
be given deepl 3 ^ To reduce the local 
l)ain, cold compresses are of value. 

Rectal Administration. — Where 
digitalis causes gastric disturbance 
and hypodermic administration is im- 
practicable, the remedy may be given 
by rectum, though absorption by this 
route is soiiicwhat uncertain. Krchl 
uses for this purpose an infusion of 30 
grains (2 Gm.) of digitalis in 5 ounces 
(150 c.c.) of water, which is mixed 
with 1% ounces (50 c.c.) of gum- 
arabic mucilage. The mixture thus 
obtained is intended for four enemas, 
two or three of which may be given 
in a day. 

When frequent vomiting prevents 
absorption from the stomach, 2 other 
paths of absorption are available: the 
rectum and the subcutaneous tissues. 
Half an ounce (15 c.c.) of infusion, per 
rectum, 3 times a day, will give about 
as prompt results as the drug given 
by mouth. Janeway (Amer. Jour. 
Med. Sci., June, 1908). 

Digitalis was used by the rectum 26 
times in 19 patients with auricular 
fibrillation, employing a purified aque- 
ous solution of digitalis leaves. One 
cubic centimeter contained the equiva- 
lent of 0.1 Gm. of powdered leaf. The 
amounts given ranged from 8 to 20 c.c. 
With one exception, the total dose was 
administered at one time. A desirable 
effect was apparent in every instance. 


In many patients, the results were 
dramatically rapid and beneficial. Most 
of the digitalis given by rectum reaches 
the heart via the mesenteric and portal 
veins and not by way of the inferior 
vena cava. Rectal digitalis therapy is 
intended to supplement, not supplant, 
the oral method of administration. It 
is useful in the presence of nausea and 
vomiting, or after surgical operation, 
when oral medication is not feasible. 
The dose is comparable to that em- 
ployed when a large single dose is 
given by month. T-evy (Arch, of 
Intern. Med., June, 1924). 

Intravenous Administration. — 

Owing to the insolubility of the more 
active glucosids of digitalis, strophan- 
thin, which is soluble in water, is bet- 
ter suited for intravenous use, and is 
generally employed instead. If it is 
desired to use digitoxin, chloroform 
or alcohol, or both, will have to be 
employed to keep it in solution, ac- 
cording to the variety of glucosid to 
be injected. 

The intravenous or intramuscular 
use of digitalis is justified only when 
it is imperative that the effects be in- 
duced in 2 hours or less. In this event 
the writers advise strophanthin or 
crystallized ouabain. Great care must 
be taken if the patient has recently re- 
ceived digitalis. When nausea or 
vomiting, not due to digitalization, pre- 
cludes oral use, the tincture may be 
given by rectum in like dosage until 
these symptoms cease. Children re- 
quire somewhat larger doses per kilo, 
than adults. Robinson, White, Eggles- 
ton and Hatcher (Jour. Amer. Med. 
Assoc., Aug. 16, 1924). 

INCOMPATIBILITIES.— Digi- 
talis is incompatible in fluid prepara- 
tions with salts of iron and lead, and 
with cinchona. It is likewise incom- 
patible with tannic acid and all vege- 
table solutions containing it. 

CONTRAINDICATIONS.— Abso- 
lute contraindications for digitalis are 
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few. The most positive are aortic 
aneurism in its later stages, partial 
heart block, cerebral hemorrhage, and 
recent embolism. 

In the presence of pronounced arte- 
riosclerosis caution in the dowsage is 
necessary, and where the blood-pres- 
sure is very high it is probably best 
under most circumstances not to ad- 
minister the drug. The ca])acity of 
digitalis directly to raise the blood- 
pressure by constricting the vessels, 
however, appears, on the whole, to 
have been unduly emphasized. Ries- 
man points out the fact, moreover, 
that in cases of “high-pressure hyper- 
trophy,” via., where the blood-pres- 
sure is high and the heart enlarged 
owing to some obscure cause, but the 
arteries remain soft, dyspnea and 
vertigo are frequently relieved by 
small doses of digitalis, c.g., 5 to 10 
minims (0.3 to 0.6 c.c.) of the tincture 
or to 1 grain (0.015 to 0.06 Gm.) 
of the powdered leaves, three times 
daily. 

Digitalis is absolutely forbidden in 
cases of partial heart block. We should 
hesitate to use it in cases of recent 
emboli, cerebral hemorrhage, aortic 
aneurism and uremia, unless the need 
for it is imperative. In the tachycardia 
of hyperthyroidism and of cardiac 
neurosis it is useless and may do harm. 
Occasionally idiosyncrasy is encoun- 
tered. A. E. Taussig (Interstate Med. 
Jour., Aug., 1912). 

A heart that is dilated or in danger 
of being dilated needs digitalis, but in 
sufficient doses to counteract the dila- 
tation. The doses needed may be 
much more than those usually em- 
ployed. O. H. Brown (Jour, of Lab. 
and Clin. Med., May, 1923). 

When given orally in large doses 
digitalis, in cases of myocardial insuffi- 
ciency, improves all symptoms, pro- 
motes diuresis, reduces edema and de- 
creases the size of the liver. This is 
not due to a change in the ventricular 


rate but to increased muscular effi- 
ciency. It corresponds with the bene- 
fit obtained in auricular fibrillation. 
Luten (Arch, of Intern. Med., Feb., 
1924). 

In cases with cardiac fibrosis 
(chronic myocarditis) and, especially, 
fatty degeneration digitalis is ineffi- 
cient in proportion to the degree 
of morbid involvement, but is by 
no means absolutely contraindicated 
when signs of insufficient cardiac 
activity a])pear. The chief precaution 
to be exercised where these conditions 
are suspected is to use relatively small 
doses, in particular where the myocar- 
dial changes are considered to be very 
pronounced. 

Dropsical patients who have taken 
large doses of digitalis for some time 
should be tapped with care, for the 
sudden withdrawal of the fluid may 
cause absorption of enough of the drug 
to poison the patient. Zemp (Jour. 
Amer. Med. Assoc., xlix, 1349, 1907). 

The irritant effect of digitalis in the 
stomach contraindicates its administra- 
tion by mouth in the ])rcsence of 
gastric inflammation, unless there are 
urgent reasons for its use. 

Not properly classified as contra- 
indications, but none the less re- 
quiring emphatic mention, are certain 
conditions in which, though digitalis 
may or may not actually be indicated, 
according to circumstances, the physi- 
cian is often tempted to administer 
the drug as a matter of routine, with- 
out stopping to inquire whether or 
not its use is warranted in the in- 
dividual case. Among these are such 
vague conditions as “heart disease” in 
general, murmurs, palpitation and 
pain in the precordial region, none of 
which indicate digitalis except under 
certain definite conditions, to be set 
forth in the section of this article on 
Therapeutics. 
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Caution is also required, in admin- 
istering digitalis to a patient seen for 
the first time, to make sure that he 
has not just previously keen taking 
the drug in large amounts, as it is 
by no means impossil)le to witness 
digitalis intoxication and even death 
(Eggleston) as the result of summa- 
tion of the effects of large doses. 
This is all the more im])erative since 
some of the forms of cardiac irregu- 
larity resulting from digitalis itself 
can easily l)e mistaken for those act- 
ually due to disease of the heart, and 
the new attendant will at once nat- 
urally think of subduing the disturb- 
ance, as, c.g., in auricular fibrillation, 
with full doses of digitalis. 

A patient taking digitalis should be 
carefully watched, especially the pulse. 
If the latter drops below 60 the drug 
should he suspended. It should also 
be discontinued when bigeminal heart 
action is present; this is most fre- 
quently observed with mitral lesions. 
Where, under digitalis, the amount of 
urine increases very rapidly, delirium 
may be observed, even although no 
digitalis is being taken at the time. 
This delirium might be ascrif)ed to an 
autointoxication from absorption, as it 
coincides wdth the subsidence of the 
edema. Eichhorst (Dcut. med. Woch., 
Jan. 2, 1905). 

Case of a man who was admitted to 
a hospital in a condition of marked 
digitalis intoxication. h^or eighteen 
days he had been taking daily 4 powders 
each containing 0.1 Gm. {V/z grains) 
of digitalis leaf and 0.5 Gm. {JVz grains) 
of diuretin. Besides, while still at 
home, he had been given for three days, 
in addition to the powders, 2 granules 
of 0.0001 Gm. (hV.o grain) of “crystal- 
lized digitalin.” The hospital interne, 
seeing a man markedly dyspncic and 
dropsical, prescribed further 50 drops 
. of digalen. The breathing was of 
Cheyne-Stokes type, the pulse-rate 36 
to 38, and upon auscultation, in addi- 
tion to the usual heart sounds, two 


somewhat weaker sounds were heard 
at each cycle. That a typical coupled 
and even triple beat was present was 
illustrated by sphygmography. The 
blood-pressure (Pachon instrument) 
was 210 mm. Hg. The disturbance of 
rhythm persisted for over ten days, 
then gradually disappeared, while the 
pressure fell to 180 mm. Injection of 
0.002 Gm. (%2 grain) of atropine dur- 
ing the period of coupled beats brought 
about no chatige. Roch (Revue med. de 
la Suisse rom., Feb., 1913). 

PHYSIOLOGICAL ACTION.— 

Locally, digitalis acts as an irritant. 
Thus, when applied to the mucous 
incml)ranes it may cause redness and 
pain, and, if given subcutaneously, 
inflammation, leading occasionally to 
the formation of an abscess, even 
though no infective organisms have 
been introduced at the time of injec- 
tion. The several glucosids appear to 
differ in their irritant properties, digi- 
toxin being the most active, while 
digitalin is relatively but slightly 
irritating. 

The digitalis bodies vary in their irri- 
tant action on a given mucous mem- 
brane. Moreover, one of these agents 
may he intensely irritant to one mucous 
membrane in a certain animal and yet 
without appreciable influence on the 
mucous membrane of another area. 
Hatcher and PIggleston (Jour, of 
Pharrn. and Exp. Thcrap., Nov., 1912). 

In the stomach, even moderate 
doses, especially when continued for 
some time, tend to induce a more or 
less marked irritation. The symp- 
toms witnessed are not believed to be 
wholly due, however, to the local 
cfiFect, as the drug is known to stim- 
ulate directly the vomiting center. 
This question will be considered fur- 
ther under Untoward Effects (q.v.). 

General Effects . — Nervous System, 
— The nervous effects of digitalis are 
limited, probably even with the 
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largest poisonous doses, to the 
medulla and its contained centers. 
Moderate doses stimulate only the 
cardioinhibitory and vasoconstrictor 
centers. Larger doses, such as are fre- 
quently used in animal experimenta- 
tion, excite, in addition, the vomiting 
and respiratory centers. Emesis oc- 
curs in those animals, such as the dog 
and cat, which are able to vomit, and 
in all, at a rather late stage in the 
poisoning, there is frequently noticed 
an acceleration in the breathing, the 
rate of which may be so increased as 
nearly to equal that of the heart. 
This respiratory change is probably 
not wholly due, however, to a direct 
effect of the drug on the center, but, 
at least in the more severe or actually 
fatal cases of poisoning, to the venous 
character of the blood, which very 
evidently plays an important part in 
bringing on the final lethal result; the 
respiratory acceleration — at first often 
with maintenance or an actual in- 
crease of depth — may thus in some 
cases be looked upon as an expression 
of physiological compensation rather 
than as the direct effect of the drug 
on the centers. The convulsions 
sometimes witnessed late in digitalis 
poisoning are believed due, at least in 
some instances, to medullary stim- 
ulation. 

• In the frog the reflex excitability 
of the spinal cord is often diminished 
by digitalis. 

Circulation . — The circulatory effects 
of digitalis are of paramount impor- 
tance. In therapeutic doses the drug 
acts, in the first place, as a powerful 
stimulant to the myocardium itself. 
It increases the irritability, tonicity, 
and contractile power of the heart, 
although the conductivity, f.c., the 
ease with which the impulse of con- 


traction passes from one part of the 
muscle to the next, shows a tendency 
to diminution, especially with larger 
doses. This change appears to be re- 
lated, however, at least in some cases, 
to the second fundamental effect of 
digitalis, viz., that of stimulating the 
vagal cardioinhibitory apparatus, both 
centrally (in the medulla) and periph- 
erally (in the heart). The third circu- 
latory action of the drug, scarcely 
less important than the first two, 
is that on the blood-vessels, which, 
with certain significant exceptions, 
are caused to contract, both through 
stimulation of the vasoconstrictor 
center and a direct stimulating action 
on the walls of the smaller vessels. 

The functional eflfects produced by 
digitalis are due to the simultaneous 
operation of the three factors just 
mentioned, which tend respectively, 
to increase the force of the heart beat, 
to slow the cardiac rate, and to raise 
the blood-pressure. With very small 
doses of digitalis, the effects may be 
exclusively those of the first factor, 
the heart muscle being mildly stim- 
ulated, but the rate unmodified except 
in certain susceptible individuals, in 
whom it may be actually increased. 
With somewhat larger doses the 
characteristic ^"therapeutic action” of 
digitalis appears, — a product of the 
combined muscular and vagal effects. 
In this condition the heart undergoes 
a greater degree of expansion during 
diastole, contracts more completely 
at each systole, and shows a dimin- 
ished rate. The pulse wave is conse- 
quently much larger. Notwithstanding 
the slowing due to the vagal factor, 
the amount of blood delivered from 
the heart into the aorta in a given 
period of time may be increased. In 
abnormally dilated hearts, w^hich al- 
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ready contain an excess of blood, digi- 
talis lessens the capacity of the heart 
owin^ to the ^reat iiiiprovcnicnt in 
tone it i)r()(liices: but this does not 
exclude an increase of output, for the 
]>n)cess of evacuation during systole 
is far more ])crfect than before. 

The nuMiihers of the di^^italis series 
produce iin acceleration of the blood- 
stream, followed by a retardation 
which appears under larj^er doses of 
the druf?. In the greater circulation 
the i)eripheral stream is accelerated, 
while in the portal area there may 
. . be a similar effect if these vessels 

are not stroi^ely conlracled Edmunds 
(Amer. Jour, of TMiysiol., Feb., 1907). 

Stren.Gftheninp: of cardiac action is 
the dominant effect of digitalis. Through 
the increased systolic vigor, it causes 
a more perfect emptying of the ven- 
tricle, while by lengthening the dias- 
tole the heart action is slowed. The 
heart does not accjuirc muscular strength, 
but it utilizes more completely what 
strength it has, owing to the greater 
.supply of blood the digitalis procures. 
Hirsch (Deulsch. med. Woch., Sept. 
7 and 21, 1923). 

That the diminution of cardiac rale 
caused In' dig^ilalis is chiefly due to 
vagal stimulation is shown l)y the 
fact that when the vag^i have been 
completely paralyzed befurehand by 
means of atro])ine, wliich acts on the 
vag^us terminals in the heart, the lat- 
ter is not slowed by digitalis, but 
usually accelerated. If, instead of 
atropine, mere section of the pneumo- 
gastrics be practised, however, slow- 
ing still occurs (to a variable extent) 
after the administration of digitalis. 

Digitalis does not slow the pul.se 
through any direct action in patients 
with a normal heart rhythm. The 
writer’s patients of this type improved 
impressively under digitali.s, hut did 
not show any slowing until they got 
better. Patients with an increased 
pulse rate showed slowing if there was 


improvement otherwise, but only after 
the improvement occurred. In adults 
a reduction of rate should not he an 
object of digitalis therapy if the 
rhythm is normal. Digitalis in exces- 
sive dosage may produce ventricular 
acceleration cither where there is nor- 
mal rhythm or where there is auricular 
fibrillation. When a patient receiving 
digitalis in adequate amounts exhibits 
a definite acceleration in ventricular 
rate, the drug should he stopped. 
Luten (Ann. of Clin. Med., Sept., 1924). 

Briefly, under ordinary conditions, 
the cardi()inhil)itory stimulation is ex- 
erted not only in the medulla, but in 
the heart itself. In the frog, atro- 
]unization does not i)revent digitalis 
from slowing the cardiac rate (Bidim) ; 
conditions are, therefore, somewhat 
different from those existing in the 
mammal. 

The slowing of the normal heart 
rhythm under digitalis is generally, 
hut not invariably, inhibitory in origin. 
The slowing in auricular fibrillation 
does not arise from stimulation of the 
inhibitory center ; in fact the inhibition is 
less active during the slow pulse than be- 
fore or after the digitalis action. Ex- 
periments do not encourage the belief 
that the slowing of the pulse in this 
irregularity is due to failure in the 
passage of impulses through the au- 
riculovcntricular bundle. The heart in 
these cases is rapid, partly, perhaps, 
because it is irritable; it is half-starved, 
and the digitalis, by improving the con- 
traction, may do something by way of 
improving the nutrition, and thus* 
making the ventricle indirectly less 
excitable and less receptive for auricular 
impulses. (Tishny (Proceed. Royal 
Soc. of Med., July, 1912). 

The influence of digitalis on the T- 
wave of the human electrocardio- 
gram may he detected in 36 to 48 
hours after the use of digitalis was 
begun; it may persist as long as 22 
days after its use has been stopped, 
though it may persist only 5. Cohn, 
Fraser and Jamieson (Jour, of Exper. 
Med., June, 1915). 
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A personal research confirmed the 
three-fold action of digitalis: 1, a 
paralyzing action on impulse center; 
2, a paralyzing action on conduction 
mechanism; 3, a stimulating ventricu- 
lar action. Maeda and Nakazawa 
("J'ohoku Jour, of Exp. Med., Apr. 
30, 1922). 

Both systole and diastole are 
lengthened when the heart is slowed 
by digitalis; the difiference is more 
marked, however, in the latter than in 
the former portion of the cardiac 
cycle, the result being that the total 
period of diastolic rest experienced by 
the heart in a given time is increased 
at the expense of that of systolic 
activity — a condition highly favorable 
to improved cardiac nutrition. 

The blood-pressure often shows 
little or no change after small or even 
moderate doses of digitalis in the 
normal human subject. Favoring a 
rise in blood^pressure are: (1) The 
increased output of blood from the 
heart. (2) Contraction of the vessels. 
The first of these factors is the result- 
ant of two opposed conditions, viz., 
the increased amplitude of the in- 
dividual beats and the lowered rate. 
If these are exactly equivalent, as ap- 
pears frequently to be the case, the 
efficacy of this factor will be annulled. 
Furthermore, if an increased output 
of blood does, indeed, occur, other 
changes may indirectly take ])lace 
which will counteract any effect this 
might have on the blood-pressure. 

In normal animals digitalis has 
little if any influence on the blood- 
pressure, but it has a marked influ- 
ence in raising the pressure in the 
isolated heart, especially when it was 
working badly before. Experiences 
in human beings practically con- 
firmed these findings; as a rule the 
increase is insignificant and there 
may be even a drop in the pressure. 
The experiments that have been pub- 


lished showing a vasoconstrictor 
action were with doses too large to 
be used therapeutically. With smaller 
doses, digitalis has a vasodilating 
action. D. T. Hernando (Med. 
Ibera, Jan. 24, 1918). 

As suggested by Cushny, variations 
in the amount of blood supplied 
to the vasoconstrictor center induce 
variations in its activity in response 
to the blood requirements of the tis- 
sues in general. Wliere more blood 
is supplied to the center, as would be 
the case were digitalis increasing the 
cardiac output, the center would not 
be called on as much to maintain tone 
in the peripheral vessels, and, the 
walls of these relaxing, a tendency to 
a general reduction in blood-pressure 
would be present. Another factor 
that may be operative in preventing a 
rise of blood-pressure, and which may, 
indeed, cause an actual fall, is, in the 
presence of heart disease with stasis, 
the removal of the excess of carbon 
dioxide in the blood which is effected 
through the improved circulatory 
condition bronglit about by digitalis. 
Carbon dioxide, as in asphyxia, stim- 
ulates the vasoconstrictor mechanism 
and raises the blood-pressure ; hence 
when the excess is removed, the pro- 
portion in the blood sinking to nor- 
mal, the blood-pressure falls. Accord- 
ing to A. W. Meyer, of Heidelberg, a 
reduction in the blood-pressure, pre- 
viously abnormally high owing to 
stasis, ihas frequently been observed 
after the administration of digitalis. 
A rise in pressure due to the drug 
was, on the other hand, witnessed in 
but few cases by this author. 

Strophanthus is often said to have 
less tendency to raise the blood- 
pressure than digitalis, but in pa- 
tients neither induces any rise of 
pressure, and in some individuals, 
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the two cause an equal fall. There 
is, on the whole, rather less tendency 
to headaches, nausea and vomiting 
under strophantlnis and squills than 
under digitalis, hut the difference is 
not very marked and headache is 
caused in sonic cases by all three. 
Slight diarrhea has followed the use 
of squills more than the others, and 
stroiihanthus also tends to cause this 
more than digitalis. This tendency 
to diarrhea is still more marked 
from the use of helleborein and 
apocynum. A. R. Cushny (Amer. 
Jour. Med. Sci., April, 1911). 

Digitalin, even in full doses, does 
not affect the blood-pressure, except 
in cases with myocardial weakness, 
where the pressure is raised to its 
previous level owing to the beneficial 
effect of the drug on the heart 
muscle. One should not hesitate 
to use digitalin in cases with arterial 
hypertension. Josue and Godlewski 
(Societe med. des hopitaux; Semainc 
med., Nov. 13, 1912). 

The physician need not be afraid to 
give the drug in cases of aneurism 
on account of any danger of increas- 
ing arterial tension. Norris (Penna. 
Med. Jour., Nov., 1912). 

Prolonged observations in 32 cases 
has convinced the writer that digi- 
talis never raises, but often lowers, 
the blood-pressure. Its hypotensor 
action seems to be more marked if 
a suitable dose of physostigmine has 
previously been administered. Daniel- 
opolu, of Bucharest (Presse med., 
June 5, 1916). 

An analysis of the results, taking 
14 cases together, shows that the 
administration of large doses of digi- 
talis or digitoxin has very little tend- 
ency to elevate the systolic pressure, 
this having been increased by 11 
mm. of mercury in one and 15 mm. 
in a second case. In only 1 case 
was the systolic pressure materially 
reduced, and in that instance by 23 
mm. of mercury. On the other hand 
the diastolic pressure was signifi- 
cantly lowered in 7, or SO per cent, 
of the cases, while it was never sig- 
nificantly raised. Digitalis and digi- 


toxin have very little influence on the 
systolic pressure in either direction, 
and they tend to produce a signifi- 
cant reduction in the diastolic and, 
more decidedly, to produce a ma- 
terial increase in the pulse pressure. 
Cary Eggleston (Jour. Amer. Med. 
Assoc., Sept. 22, 1917). 

Of considerable importance from 
the standpoint of therapeutics are the 
chang-es produced by dig-italis in the 
distribution of the blood in the body. 
Not only is the blood that has accu- 
mulated in the venous side of the cir- 
culation transferred to the arterial 
side — owing', at least in part, to the 
restoration of efficiency in the rig-ht 
ventricle — but there is now known to 
occur a special constriction of the 
intestinal and hepatic (including- the 
portal) vessels, which serv^es both to 
remove cong-estion in these organs 
and to displace the blood into other 
parts. The intestinal vessels are the 
first to be constricted. The renal ves- 
sels, on the other hand, have been 
shown by Loewi and Jonescu to be 
actively dilated by small doses of 
digitalis. 

Before passing on to the toxic 
effects of digitalis, it is necessary to 
mention a fourth action of the drug 
which is of some significance in its 
therapeutic use, viz., a regularization 
of the cardiac rhythm when the organ 
is not beating regularly. This effect 
is obtained only with therapeutic 
doses. Larger amounts tend, on the 
contrary, to bring on arrhythmia 
where it had not previously been 
present. 

With toxic doses of digitalis, two 
additional series of effects are super- 
imposed upon those already referred 
to. The first of these, the so-called 
second stage of digitalis action, is 
characterized essentially by a further 



DIGITALIS (SAJOUS). 


127 


decrease in the cardiac rate and fur- 
ther vasoconstriction. The heart is 
so greatly slowed that the output of 
blood, notwithstanding the fullness of 
the individual beats, falls below that 
of the therapeutic stage, and even be- 
low that which existed before the 
drug was taken. The l)lood-pressure 
is distinctly increased, at least in the 
first portion of this stage. Irregulari- 
ties of rhythm soon after appear, how- 
ever, and the blood-pressure grad- 
ually tends to fall. The arrhythmia 
appears to be in part due to dimin- 
ished conductivity in the cardiac tis- 
sues, including the bundle of His, 
which may lead to a lack of synchrony 
in the beats of the auricles and ven- 
tricles. Again, the auricles are be- 
lieved to contract less strongly than 
before, and resulting abnormalities in 
the filling of the ventricles during 
diastole may account in part for the 
arrhythmia witnessed. That the 
vagal mechanism actually is in an ex- 
treme state of excitation is shown by 
the fact that if its terminals be para- 
lyzed by an injection of atroi)ine, the 
j)henomena of the second stage arc 
removed. 

In the third stage of the action of 
digitalis, however, characterized es- 
sentially by an acceleration of the 
heart action, further irregularity and 
a more or less gradual fall in the 
blood-pressure, the direct exciting 
effect of digitalis upon the heart 
muscle figures more prominently in 
the phenomena witnessed. The vagal 
influence is no longer able to exert 
any effectual control over the ven- 
tricular contractions, which run riot 
and escape all efforts made to main- 
tain proper auriculoventricular co- 
ordination. As a result, the efficiency 
of the heart as a pump is rapidly 


lessened, and the blood-pressure falls. 
The condition present in the terminal 
phawSe is sometimes termed ‘'delirium 
cordis.’’ Not only is the rhythm 
markedly disturbed, but relaxation of 
the heart in diastole takes place with 
increasing difficulty, owing to the ex- 
cessive and progressively augmenting 
tone of the heart muscle caused by 
the drug. The final result is complete 
arrest of ventricular activity ; the cir- 
culation ceases with the ventricles in 
the systolic position, l)ut in mammals 
the ventricular walls immediately re- 
lax, so that the usual position of per- 
manent arrest is semidiastole. Not 
infrequently, in guinea-pigs at least, 
the auricles continue to beat at a 
fairly high rate for a number of min- 
utes after ventricular arrest. 

In the frog, the ty])ical position of 
cardiac stoppage is that of systole, the 
ventricle remaining firmly contracted 
and pale. It is of interest to note that 
certain non-vegetable substances, in 
j)articular barium salts and bufalin, a 
glucosid obtained from the skin of 
certain species of toad, have the same 
property of causing arrest of the 
frog’s heart in permanent systole. 

Respiration , — The direct effects of 
digitalis on the respiratory center are 
of no importance from the therapeutic 
standpoint. Resi)iration is rendered 
easier in cases of heart disease in- 
directly through the improvement in 
the blood-circulation. With toxic 
doses, however, the respiratory center 
appears to share to a certain extent 
the stimulating effect of digitalis on 
the vomiting center. At an advanced 
stage in digitalis poisoning in animals 
there is sometimes seen a sudden 
marked increase in the rate and depth 
of breathing, which, on some occa- 
sions at least, appears to correspond 
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to the beginning of poor circulation 
owing to the toxic action of the drug 
on the heart muscle. There appear, 
thus, to he two ways in whicli the re- 
spiratory center may be stimulated: 
first, directly by the drug, and, sec- 
ond, indirectly owing to the excess of 
carbon dioxide present as the result of 
impaired circulation. At the close of 
poisoning the respiration often be- 
comes slow and shallow ; tliis may be 
due either to secondary depression of 
the nervous mechanism of respiration 
by the drug itself or to the poor sup- 
ply of blood reaching the centers by 
reason of the increasing circulatory 
inefficiency. 

Kidneys. — In normal individuals 
digitalis has only a slight efifect on the 
secretion of urine, but in the presence 
of heart disease it acts as a powerful 
diuretic. The drug is not believed to 
exert a direct stimulating effect upon 
the renal epithelium and, in fact, no 
such action is necessary to explain 
the results produced. In heart cases 
it acts by improving the circula- 
tion. Not only does more blood pass 
through the kidneys in a given time, 
the function of these organs being 
thereby activated, but, owing to 
diminished venous congestion, the 
flow of lymph into the blood-circula- 
tion, — e.g., from the thoracic duct — 
is facilitated, effusions being thus 
drained and the blood rendered hy- 
dremic, a condition favoring diurcvsis. 

Until comparatively recent times, 
the preceding statements would have 
represented a complete explanation, 
in so far as was possible, of the 
diuretic action of digitalis. A feature 
remaining obscure, however, was the 
reason why, if the activity of the kid- 
neys is so greatly increased, the 
functions of various other structures 


concerned with the elaboration of 
fluids are not similarly enhanced by 
digitalis. In 1908 this gap in our 
knowledge of the drug\s action was 
filled through the investigations of 
Jonescu and Loewi, who showed that 
small amounts of digitalis bodies 
caused an active dilatation of the 
renal vessels, while the blood-pressure 
remained the same as before or was 
very slightly raised. The authors 
attribute the vasodilator effect in the 
kidney to direct excitation of the 
terminals of the renal nerves. When 
to this action of digitalis are added 
the improvement in the general cir- 
culation, the reabsorption of edema- 
tous fluid with resulting hydremia, 
and the displacement of blood from 
the intestinal walls and liver by virtue 
of the vasoconstrictor effect digitalis 
is known to exert in these parts, it 
will be seen that several factors co- 
operate in the diuretic action of 
digitalis. 

The diuretic effects of digitalis may 
be prodiKcd with no perceptible change 
in the heart. Mackenzie (Heart, vol. 
ii, 273, 1911). 

The diuresis induced by digitalis is 
the result both of a stimulating action 
on the heart, manifested in an increase 
of the pulse pressure — i.e,, of the differ- 
ence between the systolic and diastolic 
pressures — and of a vasodilator action 
in the kidneys, most clearly indicated 
by a diminution in the diastolic pressure. 
The drug is thus both indirectly and 
directly diuretic. Digitalis tends to 
cause an increase of the viscosity of the 
blood ; this, after the resorption of 
edema, tends automatically to check 
diuresis, which might otherwise become 
excessive. Martinet (Presse med., Oct, 
5, 1912). 

Another fact to be remembered is 
that where the amount of digitalis in 
the system exceeds a certain limit, the 
renal vasodilatation gives way to con-- 
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strictlon. Notwithstanding the per- 
sistence of the other factors favoring 
diuresis, the latter then becomes im- 
possible because the blood-supply to 
the kidneys is subnormal. The only 
course remaining under these condi- 
tions is to stop the drug and wait until 
a portion of that in the organism has 
been destroyed or eliminated, when 
diuresis will reappear. 

The diuresis produced by digitalis in 
ordinary doses of the pharmacopcial 
preparations does not make its appear- 
ance before the third or fourth day of 
administration. When digitalis fails to 
produce diuresis in cardiac dropsy the 
use of it is not to he abandoned, but it 
is to be given in larger doses. [Not al- 
ways. — En. I Digitalis which is acting 
or has acted as a diuretic in cardiac 
failure must not be suddenly taken 
away, and must be slowly, not rapidly, 
reduced in dose before its linal removal. 
Measuring the volume of urine is a 
ready, accurate, and suflicient index 
both of the patient’s condition and 
progress. J. Mitchell Bruce (Brit. Med. 
Jour., Jan. 6, 1900). 

A man aged 52, with an old double 
mitral affection, pulsation in the jugular 
and auricles, and a radial pulse of 40 
of very low tension, developed, in 
process of time, dropsy of the legs with 
scanty urine. Rest in bed for a week 
had failed to remove the dropsy, and at 
9 one evening he was given 15 minims 
(1 c.c.) of tincture of digitalis of 

known potency. By 5 next morning 
diuresis had set in and was kept up 
by small doses of the drug till the 
dropsy had cleard away. This was 
an unusual experience in that the drug 
acted more rapidly than it is generally 
believed to do. Gordon Sharp (The 
Antiseptic, July, 1908). 

Temperature , — In large doses digi- 
talis tends to lower the temperature 
where fever is present. The cause of 
this is not known. The property of 
little practical use, for wherever tem- 
perature is lowered in the presence of 


digitalis the vagal inhibitory effect of 
the drug on the heart, which is inter- 
fered with by fever, asserts itself in 
marked degree, with the result that a 
dangerous amount of slowing of the 
heart rate may occur. Since large 
doses of digitalis are already required 
to lower the temperature, the futility 
of using the drug for antipyretic pur- 
poses is evident. According to some, 
the antipyretic effect of digitalis is 
preceded by a transient rise in tem- 
perature. 

Metabolism , — Digitalis does not ap- 
pear to exert any direct effect on tis- 
sue metabolism, though general nutri- 
tion, and in particular that of the heart 
muscle, may be improved through its 
continued effect. Where the drug is 
given in the presence of edema due to 
circulatory weakness, a pronounced 
discharge of chlorides and urea takes 
place in the urine, but this represents 
merely a relief from the preceding re- 
tention of these substances in the tis- 
sues at large. 

From a study of 12 cases the author 
concluded that there is a marked leuco- 
cytosis after the use of digalen. The 
increase regularly occurred from 7 to 8 
hours after the injection of digalen, and 
there was reached within 24 hours 
double the original number of leuco- 
cytes counted. 'J'hc leucocytosis rcTurs 
whenever digalen is administered. 
Mirano (Riforma Medica, June 8, 1907). 

A comprehensive research showed 
that digitalis activates the secretory 
functions of the kidneys, stomach, pan- 
creas, and thyroid. Veil and Heilmeycr 
(Deutsch. Arch. f. klin. Med., Apr., 
1925). 

Absorption and Elimination. — Digi- 
talis is slowly absorbed, and even 
when absorbed is slow, it is said, in 
exerting its effects on the heart. The 
galenical preparations of digitalis, 
when taken internally, do not begin to 



130 


DIGITALIS (SAJOUS). 


take effect, as a rule, for some hours, 
and the maxinuim effect of full doses 
on the heart is not ()l)tained for forty- 
eig-ht hours or even, according to the 
curves ])u])lishecl l)y Eji^f^lcston, about 
three (lays. This docs not mean, of 
course, that a useful therapeutic effect 
cannot he obtained before this period 
has elapsed. Some delay appears to 
()ccur, however, in the combination of 
the active substances of the dru" with 
the heart muscle; from this, as well as 
from the slower rate of absorption 
into the blood, arises the difference 
between di^ntalis and strophanthus in 
rapidity of effect. 

The effect of the dig’estive secre- 
tions on di^^italis taken by the mouth 
has been shown to have a definite 
bearing on the proportion of the drug 
absorbed. 

Worth Hale has ascertained by 
experiments in intro that an artificial 
gastric juice caused deterioration of 
the various individual glucosids, as 
well as of the tincture of digitalis, 
amounting to about 25 to 35 per cent, 
in three hours. Believing that certain 
of the untoward effects seen in digi- 
talis medication may be due to the 
decomposition products of the gluco- 
sids, and in view of the fact that the 
deterioration was shown to be due 
chiefly to the hydrochloric acid in the 
gastric juice, he advises that an alkali 
be prescribed with digitalis. 

Digitoxin, the most important prin- 
ciple in digitalis, is absorbed from the 
intestines and not the stomach. The 
absorption is a relatively slow process, 
usually not completed before five to six 
hours; this absorption is still further 
delayed where there is stasis in the 
portal circulation. Digitoxin is much 
more rapidly absorbed from digipura- 
tum than from the powdered leaves. 
R. Gottlieb and S. Ogawa (Munch, 
med. Woch., Oct. 22, 1912). 


In a series of over 200 experiments, 
the writer found that the rate of digi- 
talis elimination varied with different 
specimens, from 74.5 per cent, in 22 
days to 92.9 per cent, in 4 days in this 
series; the persistence of one specimen 
may be several times that of another. 
Moreover, the digitalis bodies can pro- 
duce an effect that persists indepen- 
dently, to a degree, of the presence of 
the drug. Digitoxin produces an effect 
that for a short time increases in in- 
tensity, while the rapidly eliminated 
fraction does not exhibit this rising 
effect. The persistence of digitoxin as 
tested by the method of repeated 
dosage is considerably longer than that 
of the ordinary tinctures of digitalis. 
The curve of digitalis elimination is 
complex and variable, depending on 
the resultant action of the rapidly 
eliminated and the digitoxin-like frac- 
tions. Repeated doses sensitize to 
later action of the drug. H. Gold 
(Arch, of Intern. Med., Nov., 1923). 

The fate of the digitalis substances 
in the system is not definitely known. 
It appears very likely, however, that, 
at least in part, they become rather 
firmly fixed in the tissues, especially 
the heart muscle. Attempts to detect 
the principles in the urine have met 
with but little success ; it seems prob- 
able, therefore, that these substances 
are for the most part gradually de- 
stroyed in the system. 

The .slowness with which the effects 
of digitalis disappear is a matter of 
common observation. This is believed 
to be due to an actual persistence of 
the drug in the body and not to con- 
tinuance of the effect after its de- 
struction or excretion. As Hatcher 
and Eggleston showed in 1912, there 
remains in the tissues after the total 
disappearance of all signs of the 
action of digitalis, a large portion of 
the whole amount absorbed before the 
administration of the drug had been 
stopped. That this residual portion, 
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moreover, is not actually present in 
an inert state, but in what may be 
termed a potentially active condition, 
is proven by the fact that if doses 
smaller than those previously used 
are given at varying intervals of time 
after the initial discontinuance of the 
drug, physiological effects similar to 
those first noted from the larger doses 
reappear, i,c,, there is a summation of 
the effects of the added small amounts 
with potential effects of the amounts 
previously fixed in the tissues. Thus, 
in one of Eggleston’s cases in which 
coupled beats had been induced by 
3.25 Gm. (50 grains) of digitalis leaf 
taken in a period of seven days, and 
persisted for nine days after cessation, 
of the drug, 0.675 Gm. (lOjX grains) 
then given caused the coupled beats 
to reappear in two days, i.c., eleven 
days after the last dose of the first 
course of treatment; during this en- 
tire period, furthermore, destruction 
or elimination of the drug had pre- 
sumably been taking place. The 
period following the initial discontin- 
uance in which no digitalis effect can 
be shown present by means of trac- 
ings or even, in the majority of cases, 
by clinical signs, has been termed by 
Hatcher and Eggleston that of the 
•‘latent action” of digitalis. The pos- 
sibility of summation of the effects of 
doses given at relatively long inter- 
vals is a factor in the so-called “cumu- 
lative action” of digitalis. 

Persistence of digitalis action is due, 
not to the lasting effects of an injury 
to the heart, but to the actual presence 
of the drug in the tissues in active 
form. Experiments with ouabain 
showed a much higher and more in- 
tense action at once, with more i*'’pid 
elimination, than was the case with 
digitalis. Cary Eggleston (Jour. Amer. 
Med. Assoc., Oct. 12. 1912). 


It has been shown in animals that 
the destruction or elimination of digi- 
talis occurs more slowly when the 
dose given is very toxic than when it 
is .small. Judging from the clinical 
experiences of Eggleston this would 
appear to be true also in man. This 
observer found that after the adminis- 
tration of doses large enough to bring 
on untoward signs such as partial 
heart block and coupled beats, these 
conditions persisted for three to 
twelve days after the drug had been 
stopped. The slow elimination of 
even relatively small amounts of digi- 
talis was illustrated in the experi- 
ments of Marvin, who gave a single 
dose of 20 minims (1.25 c.c.) of tinc- 
ture of digitalis to each of 20 men and 
observed a rise in blood-pressure 
which reached its height in twenty- 
four hours and did not finally disap- 
pear until after fifty hours. 

UNTOWARD EFFECTS AND 
POISONING.— The untoward effects 
of digitalis most frequently met with 
are those representing the so-called 
“cumulative action” of digitalis. This 
is defined by Eggleston as “the de- 
velopment under small repeated doses 
of a drug of symptoms which are 
much more marked than those caused 
by a single dose.” The condition is 
essentially one of poisoning in mild 
degree, and in some instances is char- 
acterized by the fact that the unfavor- 
able effects develop entirely without 
warning, at a time when no action 
beyond the therapeutic is expected. 
The cause of cumulation is an excess 
of intake over outgo or destruction, 
and its prominence in the case of digi- 
talis seems to be wholly accounted 
for by the slowness with which the 
system gets rid of the drug as com- 
pared to the elimination of other 
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agents of the same group, c.g., stro- 
phanthus. A portion of every dose 
ingested, even though the latter he 
small, ])eeoniing rather firmly fixed in 
the tissues, incduding ])ro])al>ly those 
of the heart itself, a time soon comes 
when the added etTects of the amounts 
successively fixed surpass the thera- 
peutic l(‘vel, and symiitoms of jxnson- 
ing therefore occur. The only feature 
remaining, jierhaps, unexplained hy 
the above facts is the suddenness 
with which these etTects occasionally 
ajipear. It seems not unlikely that 
this may be the result, at least in cer- 
tain cases, of the intervention of 
other factors, such as: (1) Dimin- 
ished elimination, owing to deficient 
renal action ; lessening in the amount 
of urine excreted is itself not infre- 
([uently an associated sign of cumula- 
tive action, the amount of digitalis 
present in the body having become vSo 
large as to induce renal vasoconstric- 
tion, an effect hindering diuresis. (2) 
More rapid absorption of several 
doses from the alimentary canal 
owing to some local condition (tem- 
])orary active hyperemia, or imjwoved 
circulation, favoring absorption) not 
previously present. By the co-o])era- 
tion of one or more factors such as 
these with the slow destruction of 
digitalis in general, an increased de- 
gree of suddenness in the onset of 
toxic symptoms may obviously be the 
result. That variations in the rajadity 
of absorption from the alimentary 
canal do not account wholly for 
‘‘cumulative action” is shown by the 
fact that the latter occurs even upon 
exclusively intravenous use of the 
drug. 

In a study of 24 specimens of 
American digitalis, both wild and 
cultivated, from different parts of 


the Union, by the writer, 6 were 
found to be above the U. S. P. 
standard, 3 were exactly of standard 
streiiKlh, and 15 wxto below it. Pratt 
(Pharni. Jour., Sept. 14, 1918). 

The emetic action of digitalis is ex- 
erted as a reflex from the direct action 
on the heart, the afferent impulses 
l)assin^^ to the vomitiiif? center in the 
medulla by way of the sympathetic 
mainly, and probably in part by way of 
the va^us. Hatcher and Weiss (Arch, 
of Int. Med., May, 1922). 

The signs and symptoms resulting 
from an excessive amount of digitalis 
in the body are referable both to the 
heart itself and to a number of other 
structures. 

Nausea and digestive disturbances 
are generally among the earliest jAie- 
nomena to ap])ear. They have usu- 
ally been ascribed to direct irritation 
of the stomach by the drug, and, as 
a matter of fact, the digitalis glucosids 
do irritate the mucous membranes. 
Recent researches have indicated 
rather clearly, however, that the 
nausea may be due to irritatiem of the 
vomiting center in the medulla, and 
that, in the lower animals at least, an 
amount of the drug bearing a certain 
definite ratio to the lethal dose will 
regularly bring on centric vomiting. 
That the fatty substances in digitalis 
are probably not in any large degree 
revSponsible for gastric disturbances is 
suggested by an experiment of Egg- 
leston and Hatcher, who fed about 2 
grains (0.13 Gin.) of the fixed oil of 
digitalis — an amount corresponding 
to 70,(X)0 therapeutic doses of the 
tincture — to a cat without gastric or 
other symptoms resulting. 

Usually the first symptom com-^ 
plained of is nausea, and later vomit- 
ing, though at times severe headache 
is the first and chief complaint. 
There is frequently a feeling of 
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malaise, with weakness and giddi- 
ness on standing, which, added to 
the anorexia and nausea, give a 
symptom-complex frequently likened 
by patients to seasickness. Diar- 
rhea is occasitmally produced, but 
less often by digitalis than by the 
other members of the group. 

Rarely digitalis produces mental symp- 
toms, confusion, loss of memory, hidluci- 
nations, and aftimes transient aphasic 
attacks. 

Diarrhea, if it be present, maj" not 
subside at once when the drug is 
slopped and may require the adminis- 
tration of a dose or two of castor oil, 
l)referably combined with opium. 11. 
Hume Turnbull (Austral. Med. Jour., 
Oct. 19, 1912). 

Where vomiting or nausea occurs 
after digitalis, there may be one of twu) 
causes. The ]^rinci[)les in the drug 
may directly irritate the stomach; in 
such cases the distress is noticed early, 
even after relatively small doses, and is 
usually accompanied by salivation (in 
cats). The digitoxin is generally still 
in the stoiriach and has not been ab- 
sorbed. Or, the vomiting may be a 
true toxic elTect of the drug seen after 
an excess has been given. Here gen- 
eral symptoms from absorption usually 
api>ear after six to seven hours. At 
this time no digitoxin is found in the 
stomach. R. Gottlieb and S. Ogaw^a 
(Munchener med. -Ayoch., Oct. 22, 
1012 ). _ _ 

The vomiting from digitalis is due 
almost entirely to the direct action 
on the vomiting center in the medulla. 
In the author’s experimental investiga- 
tion the smallest amount of any 
digitalis body that was followed by 
emesis was about 20 per cent, of the 
fatal dose, in the case of true digitalin. 
Of 61 animals receiving more than 30 
per cent, of the fatal dose, 41 vomited, 
and it was remarkable that of the non- 
proprietary bodies the drug showing 
the greatest emetic activity was that 
which is generally supposed to be the 
least irritating to the stomach, vis., true 
digitalin. Action on the vomiting 
center cannot be removed from any of 
the digitalis bodies by any process of 


purification. Only traces of digitonin 
are found in the galenical preparations, 
and they exert no appreciable effect on 
the stomach after giving therapeutic 
doses. 

I'he administration of ojiium to 
prevent the gastrointeslifial symptoms 
of the digitalis bodies, in ordinary 
cases, masks the apiioarance of toxic 
symptoms which should serve as a sig- 
nal for reduction of the dose. 

The results of the investigations by 
the writers lent iif) support to the claims 
that digalen, digipuratum, digitalysatum 
or the fat-free tincture of digitalis arc 
less actively nauseant or emetic in pro- 
portion to cardiac activity than galen- 
ical t)reparations. C. leggiest on and 
R. A. Hatcher (Jour. Amer. Med. 
Assoc., Feb. 15, 1913). 

The errors in the use of digitalis 
may be grouped together in 6 classes: 
1, I^rescribing digitalis in nervous 
disorders of the heart; 2, it is often 
prescribed in do^.-: too large; 3, 
sometimes the physician w'aits to 
prescrilie it until symptoms of myo- 
cardial heart -block have reappeared; 
4, the drug is slopped wdien the heart 
has recovered its contractility’; 5, suc- 
cess is expected from large doses wdien 
small doses have failed; (>, small d(^scs 
are prescribed for loo long a time. It 
is under the conditions of 4, as the 
writer points out, that most of the 
clinical accidents, often fatal ones, have 
occurred. Fiessinger (Rev. gen. de 
cliniciue et de therapeutique, vol. xxx, 
p. 536, 1916). 

A decrcavse in the amount of urine 
])a.sse(l, or actual sup])ressi()n, is an- 
other frequent and more definite sign 
of digitalis intoxication. It shows 
that enough of the drug is present to 
suhstitute for the renal vasodilatation 
caused l)y small doses a pronounced 
vasoconstriction, which tends to ar- 
rest the renal function. When oli- 
guria appears, digitalis should he dis- 
continued, or, at least, the amount 
greatly reduced, for this condition 
may lead to further impairment of 
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digitalis elimination and thus accen- 
tuate the toxic effects. Occasionally 
signs of renal irritation^ such as albu- 
minuria, occur in conjunction with 
oliguria under digitalis. 

Headache, with a sensation of 
‘‘tightness'’ in the head, and numb- 
ness (“emptiness”) or coldness in one 
or more extremities also occur as evi- 
dences of digitalis poisoning. They 
are probably due chiefly to changes in 
the caliber of the vessels, particularly 
vasoconstriction. 

Dizziness, nightmares, mental con- 
fusion, and anemia are likewise not 
infrequently caused by digitalis. Rob- 
ertson has seen several maniacal out- 
breaks follow the use of this drug. 

Some nocturnal deliriuni is one of the 
bad results of digitalis. Pallor, cold- 
ness of the extremities, treml)ling, and 
contraction of the pupils, arc important 
indications to suspend the drug. Some 
patients die suddenly of syncope, others 
gradually. Death from digitalis is most 
frequently met with in Bright’s disease, 
arthritic and anemic subjects, and in 
persons with aortic incompetence or 
delirium tremens. 

Occasionally there is melancholia 
and night-terrors. An unusual result 
is pulmonary apoplexy. Potain (Jour, 
de nied., April 10, 1900). 

In an experiment on 20 female 
Belgian hares, which tended to show 
that large doses of digitalis, continu- 
ously administered, will cause slight en- 
largement of the normal heart, the 
development of a vicious and carnivor- 
ous tendency atnong the animals which 
took the digitalis was an interesting 
feature of the experiment. The animals 
were at first very docile. As the dosage 
of the remedy increased they began 
fighting and biting each other in a most 
ferocious manner. The two experi- 
mental animals which died were found 
in the morning mutilated and in part 
devoufed. The control animals re- 
mained docile. F. B. Wynn (Jour. 
Araer. Med. Assoc., July 16, 1904). 


A number of cases have been noted 
where what was called delirium tremens 
was found after a time to result from 
digitalis. Its removal was followed by 
subsidence of S 3 unptoms. This is apt 
to occur in persons of unstable mental 
and emotional states. Hall (Quarterly 
Jour, of Inebriety, Oct., 1905). 

Case of a woman with angina pec- 
toris and chronic myocarditis who de- 
veloped attacks of yellow vision while 
taking tincture of digitalis, 15 minims 
1. 1 . d. Jackson and Zerfas (Boston Med. 
and Surg. Jour., May 7, 1925). 

As regards the heart itself, the most 
evident signs of excessive digitalis 
action are pronounced slowing of the 
cardiac rate — below 55 or 60 beats per 
minute — palpitation, and a subjective 
feeling of oppression in the heart 
region. The slowing is frequently the 
result of excessive inhibition through 
the vagi. Various forms of irregular- 
ity have also been detected after digi- 
talis. Eggleston classes these, in the 
order of increasing intensity, i.e., from 
the effects of larger and larger 
amounts of digitalis, as follows: (1) 
Sinus arrhythmia, consisting of peri- 
odic waves of slowing involving the 
entire heart, with subsequent more or 
less rapid return to the normal rate. 
This phenomenon is considered due to 
vagus stimulatfon. (2) Muscular irri- 
tability, associated with the produc- 
tion of cxtrasystoles or abortive con- 
tractions, and due to the direct action 
of the drug on the myocardium. This 
disturbance is not as frequently seen 
as the result of digitalis action as 
the preceding disturbance. (3) Auric- 
ular fibrillation, f.r., loss of co-ordi- 
nate contraction in the auricle and its 
replacement by the formation of 
independent contractile impulses at 
numerous points, was brought on by 
digitalis in a previously regular heart 
in a case reported by Mackenzie. (4) 



DIGITALIS (SAJOUS). 


135 


Combined phenomena, — e,^., extra- 
systoles, heart block, and sinus ar- 
rhythmia. (5) Heart block, partial or 
even complete, an expression of the 
effect of digitalis in lowering the con- 
ductivity of the auriculoventricular 
bundle of Ilis, and manifested by a 
prolongation of the interval between 
the auricular and ventricular systoles, 
in more severe grades by the com- 
plete omission of some of the ven- 
tricular beats, and in the “complete’^ 
form by continuous dissociation be- 
tween the auricular and ventricular 
rates, the two portions of the heart 
beating independently. According to 
Lewis, the severer grades of partial 
heart block are not infrequently ob- 
served when digitalis or its allies are 
given in toxic doses to young patients 
with rheumatic hearts. (6) Coupled 
beats, the most serious of the un- 
toward actions of digitalis on the 
heart rhythm. The successive pairs 
of beats can sometimes be felt at the 
wrist. This condition is said to occur 
only in hearts the seat of auricular 
fibrillation. The minimal amount of 
digitalis that can produce coupled 
beats in cases of auricular fibrillation 
is, according to ICggleston's experi- 
ence, 2.25 Gm. (34 grains) of the 
leaves. 

Of the various cardiac irregularities 
produced experimentally by digitalis, 
the earliest to appear in most instances 
is an occasional omission of ventricular 
contractions, owing to an interruption 
of the stimulus between the auricles and 
ventricles. Somewhat later, or even im- 
mediately after this, the heart may as- 
sume a peculiar rhythm in which the 
auricles and ventricles are beating quite 
independently of each other. This ir- 
regularity differs from the ordinary 
rhythm of complete heart block i*' that 
the ventricular rate is not slow, but 
approaches and usually exceeds the 


auricular rate ; so that, for example, one 
may count 16 ventricular to 15 auricular 
contractions. This rhythm is common 
in carefully graded digitalis poisoning 
in dogs, but had never been described in 
man until the author’s report of a case. 
The venous tracings taken one day 
before this patient died showed a 
regularly recurring cycle of changes. 
Each cycle required about seven seconds 
for its completion, and included about 
14 ventricular contractions. At certain 
portions of the cycle, a single, sharp,, 
positive wave occurred in the jugular 
pulse just after the onset of ventricular 
systole. Midway between the.se groups 
of sharp waves, each ventricular systole 
was represented on the venous pulse by 
two waves of almost equal height con- 
nected by a more or less distinct 
plateau. These cycles, from their dura- 
tion, were evidently independent of the 
re.spiration, for the respiratory rate was 
constantly about 30 a minute. It was 
found that the patient had been taking 
drugs of the digitalis series in consider- 
able quantities for a long period. 
During all this time his heart-failure 
was gradually becoming worse, al- 
though the daily amount of drugs taken 
did not seem excessive. At no time was 
marked slowing of the pulse observed. 
A. W. Hewlett (Archives of Internal 
Medicine, Feb., 1910). 

Toxic effects of digitalis and related 
bodies may usually be discovered in 
their earliest stages by careful and fre- 
quent sphygmographic observations, and 
may be divided into three periods with 
regard to their occurrence and severity : 
(1) Period of vagus stimulation; (2) 
period of depression of conductivity 
with masked vagus action ; (3) period 
of marked muscular irritability with de- 
pression of contractility. Muscular irri- 
tability may be the first symptom 
observed, the other stages being short 
in duration and easily overlooked. This 
irritability from digitalis must be dif- 
ferentiated from the progress of the 
cardiac disease by careful observations 
of combined jugular and radial tracings. 
With therapeutic doses the rise of 
blood-pressure due to vasoconstriction 
is so slight that it may be disregarded. 
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but with toxic doses it becomes of ex- 
treme importance. H. C. Bailey 
(Amer. Jour. Med. Sci., Aur., 1911). 

Ejrploston and Wyckofif have recom- 
mended, in prescribing digitalis, a 
do.'^age e(/iiivalent to 1 c.c. (15 minims) 
of the tincture or 0.1 Gm. (114 grains) 
of the leaf for each 10 pounds of the 
l)atienrs body weight. As certain in- 
vestigations have shown tliat the body 
disp(*ses daily, on an average, of 22 
minims of the tincture of digitalis of 
standard i)otency, it is necessary, when 
the administration of the drug is con- 
tinued over a series of days, to sub- 
tract the amount disposed of in order 
to ascertain the total (ptantity of digi- 
talis considered active in the patient at 
any one time. 

The writer analyzed the records of 
13 cases exhibiting untoward results, 
and in practically every instance a 
quantity of the drug in excess of the 
amount indicated by the Eggleston 
method of calculating had been ad- 
ministered, The toxic effects which 
followed included coupled rhythm, par- 
tial heart-block wdth an acceleration of 
the sinus rate, the onset of auricular 
fibrillation, and paroxysmal tachycar- 
dia originating in the ventricle. When 
using a large dosage of digitalis the 
physician should know at all times the 
relation of the amount of the drug 
already administered to that which 
would be expected to be the approxi- 
mate amount for therapeutic effect. 
After the first few doses, the drug 
should not be administered more fre- 
quently than at 6-hour intervals, so 
that sufficient time may elapse to dis- 
close the effect of the preceding dose 
before another is given. If signs or 
symptoms appear that may be due to 
toxic effects of the drug, and if calcula- 
tion shows that the amount already 
given is near or above the Eggleston 
dosage, additional digitalis should only 
be administered cautiously, if at all. 
W. D. Reid (Jour. Amer. Med. Assoc., 
Aug. 11, 1923). 

Hewlett points out the fact that in 
young persons, in neurotic individ- 
uals, and after infectious diseases, the 


controlling influence of the vagi on 
the heart is particularly marked and 
labile. Irregularities as.sociated with 
excessive vagal action are, therefore, 
especially likely to result from the use 
of digitalis in these cases. 

Acute poisoning by single massive 
doses of digitalis is infrequent. The 
earliest symptoms are nausea and 
vomiting, the latter violent and re- 
peated, together with headache, dizzi- 
ness, and visual disturbances. The 
pulse for a time is rendered slow and 
powerful, but later tends to become 
feeble and irregular, and is accelerated 
when the victim leaves the recumbent 
posture. Vasomotor changes and 
altered distribution of blood in the 
body are betokened by pallor of the 
face, prominence of the eyeballs, and 
a blue color of the sclera. Diarrhea 
is likely to be observed ; there may be 
salivation of central origin ; the flow 
of urine may cease owing to renal 
vasoconstriction ; there may be pain 
in the extiemities or back, and in the 
later stages of the poisoning dys])nca 
is a prominent .syiipdoin. The body 
temperature is lowered; delirium may 
supervene, followed by stupor, and 
l)ronounced motor weakness or actual 
paralysis finally occurs, owing to a 
curare-like action on the motor nerve- 
endings. If paralysis is not complete, 
convulsions may develop. Death, if it 
takes place, occurs usually in one or 
two days. According to Wood, the 
limits in the duration of the poison- 
ing are, respectively, three-quarters 
of an hour and ten days. Most cases 
of digitalis poisoning recover. 

A boy 2 years old, one morning ob- 
tained a box containing granules of 
Nativelle’s digilalin and swallowed five 
of them. Each one contained grain 
(0.00026 Gm.). He remained well until 
evening, when he became unusually 
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cross; early the next morning he 
vomited repeatedly and became very 
drowsy. When seen he was semicon- 
scious and pale; pupils somewhat 
dilated; vomiting small quantities of 
bile-stained mucus; sweating profusely; 
extremities were cold, pulse was so 
irregular and intermittent that it could 
not be counted, and the respirations 
were extremely shallow and slow. The 
patient was given 2 grains (0.13 Gm.) 
of calomel and liberal quantities of 
brandy and water. When seen again, 
about three hours later, the condition 
in general was much worse; the child 
was absolutely comatose. On the 
evening of the same day there vras 
some improvement, and from that time 
on recovery was uninterrupted, though 
slow. Frank Radcliffc (Brit. Med. 
Jour., p. 338, 1001). 

Preparations of digitalis which fail 
to produce nausea and vomiting when 
given in large doses are either weak or 
imperfectly absorbed. Robinson (Medi- 
cine, May, 1922). 

Trcatinciil . — Tn ciiniulative poison- 
ing^, withdrawal of the drug- for some 
days is generally all that is required. 
In view of the fact that rising from 
recumbency to the ujiright ])osition 
or exertion of any other kind by pa- 
tients fully under the influence of 
digitalis places considerable added 
strain upon the heart, these cases 
should be kept as quiet as i)ossible. 

In poisoning from single toxic do.ses 
of digitalis tannic acid or Lugol’s 
solution may be administered as anti- 
dote. The most important measure, 
however, is to secure evacuation of 
unabsorbed poison by washing out 
the stomach or, if necessary, giving 
emetics. The drug is, of course, 
likely itself to produce emesis. Mag- 
nesium sulphate should be given to 
prevent further absorption from the 
intestinal tract. Moist, hot applica- 
tions to the lumbar regions have been 
recommended, to favor relaxation of 


the constricted renal vessels and pro- 
mote elimination of the drug through 
this channel. To overcome the gen- 
eral vasoconstriction, nitroglycerin or 
alcoholic preparations may be used. 
In the later stages of poisoning, de- 
prCvSsion of the medullary centers is 
an important source of danger; stim- 
ulants such as caffeine or hot coffee, 
strychnine and atropine should there- 
fore he used. Artificial respiration 
.should he instituted as soon as dys- 
])nea appears, as it has ])een shown ex- 
perimentally that life can sometimes 
be ])r(donged for hours in this way or 
even, occasionally, animals .saved from 
a dose otherwise certainly fatal. 

When in the frog the heart action 
had been arrested by toxic action 
from digalen, the heart could be re- 
suscitated temporarily by the action of 
hydrocyanic acia. The reverse also 
occurs, digalen resuscitating the heart 
arrested with the hydrocyanic acid. 
Bastert (Nederl. Tijdsch. v, Geneesk., 
Nov. 9, 1919). 

THERAPEUTICS.— Diseases of 
the Heart. — Digitalis is, on the whole, 
by far the most useful drug available 
for the treatment of cardiac disease. 
It is the typical representative of a 
group of drugs characterized not so 
much l)y their power to stimulate car- 
diac activity in acute conditions, al- 
though this, in itself, forms part of 
their field of u.scfiilness, as by that of 
im])roving the niitrilit)n of the myo- 
cardium where it is imi)overishcd or 
where increased contractile activity is 
demanded to overcome mechanical 
obstacles, local or remote. These 
agents, with their slow-going and 
more or less persistent influence on 
the heart, are often termed “heart 
tonics^ in contradistinction to “stimu- 
lants” such as ether, atropine, and 
alcohol, which temporarily- reinforce 
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cardiac action chiefly in various in- 
direct ways and do not necessarily 
leave the heart, after their immediate 
eflfect disappears, in a better nutritive 
condition than they found it. 

The improvement in cardiac nutri- 
tion hroufji^ht about by dif^italis may 
be ascribed to several simultaneously 
operative factors. Thus, it is stated 
that the dripc^, throu^:^h the prolonged 
exciting effect it exerts directly on the 
heart muscle, improves the coronary 
circulation by making the beats 
stronger, and thereby enhances its 
own blood-supply. Again, .slowing of 
the heart rate through vagus stimula- 
tion tends to rest the heart by pro- 
longation of the period of diastole, 
during which the organ recuperates 
from the preceding systole. It is a 
well-known fact that in the presence 
of rapid cardiac rates the diastolic 
period in each cardiac cycle is .shorter 
in comparison with the period occu- 
pied by systole than is the case when 
the rate is slow ; hence the total 
amount of rest obtained by the heart 
under digitalis is increased. Accord- 
ing to Hering and Gaskell vagus 
stimulation also exerts a favorable 
trophic influence on the heart muscle, 
directly increasing the anabolic or 
building up processes in the cardiac 
tissues. Finally, a by no means in- 
considerable factor in the improved 
nutritive state brought about by digi- 
talis is the interruption of a vicious 
circle in which the heart’s own weak- 
ness reacts on the quality of the blood 
supplied to it. The feebler the heart, 
the greater the impairment in the 
pulmonary, gastrointestinal, hepatic, 
and renal functions, through which 
the blood is maintained in its normal 
state of aerative and nutritive effi- 
ciency, and low toxicity; the more 


inadequate the blood itself, in turn, 
the greater the impairment in cardiac 
activity. By relieving venous conges- 
tion through increased cardiac power, 
and by bettering the di.stribution of 
blood through vasoconstriction in the 
splanchnic area, the renal vessels 
meanwhile remaining unconstricted, 
digitalis breaks into the vicious circle 
and, where conditions are not too 
serious, places the heart on the high- 
road to functional recovery. 

All myocardial degenerative pro- 
cesses resulting in loss of circulatory 
equilibrium and culminating in car- 
diac failure can, in their incipiency, 
be postponed if digalen is given and 
its administration continued as indi- 
cations require. Later they may be 
controlled and the circulatory equi- 
librium maintained for many years 
longer with this agent than under 
other methods. 11. Beates, Jr. (Amer. 
Jour. Clin. Med., vol. ii, p. 102.S, 1915). 

The dangers of toxic effects as given 
in text-books are exaggerated. The 
real dangers in digitalis therapy are 
three: (a) Using a poor digitalis prep- 
aration. (b) Consciously or uncon- 
sciously prescribing too little of a 
potent digitalis preparation, (r). Not 
knowing when digitalis should be 
started and stopped. Digitalis usually 
is given in too small, i.e., insufficient 
dosage. The large majority of cardiac 
patients seen had had too little digi- 
talis; a small percentage had had 
enough digitalis; none had had too 
much; some should have had none. , 
Digitalis poisoning, of course, is pos- 
sible, but it is one of the rarities of 
medicine. Christian (Boston Med. and 
Siirg. Jour., July 13, 1922). 

The above features by no means 
exhaust, however, the possibilities for 
good to be thought of in connection 
with this drug. Since the remaining 
factors differ according to the par- 
ticular cardiac affection for which the 
drug is used, and, still more, because 
the indications for digitalis vary enor- 



DIGITALIS (SAJOUS). 


139 


mously in the different states, the lat- 
ter will now be considered seriatim. 

Cardiac dilatation is perhaps the 
most direct indication of all for digi- 
talis, since one of the prominent 
actions of the latter is to increase the 
tonicity of the heart muscle and hence 
overcome abnormal distention of this 
organ. In simple acute dilatation, 
such as results from excessive physi- 
cal effort, the patient should at first 
be placed on small doses, the amount 
then being gradually increased until 
pronounced benefit is noted ; absolute 
rest should, of course, be simulta- 
neously imposed. In the acute car- 
diac dilatation of infectious diseases, 
digitalis is less striking in its effects, 
but is nevertheless frequently of 
value. Underlying the failure of car- 
diac power there is, of course, usually 
an acute myocarditis, with perhaps 
even fatty degeneration of the heart 
tissue. The more pronounced these 
myocardial changes, the less useful 
tlie drug is likely to prove and the 
greater the caution required in its em- 
ployment, except in the final stage as 
an ultimate resort. As in simple dila- 
tation from exertion, small doses, such 
as 1 or 2 drams (4 to 8 c.c.) of the in- 
fusion should be used at first, unless 
the phenomena of cardiovascular fail- 
ure are very acute, when larger 
amounts may be given together with 
other stimulants. It is important, in 
giving digitalis in the course of infec- 
tions, not to judge of the effects of 
the drug by a change in the pulse rate, 
i.e., not to expect slowing, as vagal 
activity is diminished in fever; the 
quality of the heart sounds should 
rather be taken as criterion in regu- 
lating the dose. Calcium, in the form 
of the lactate or lime water, is to be 
thought of as a useful heart remedy, 


and, in cases where free use of digi- 
talis is deemed unsafe, should be tried 
without hesitation. Digitalis is not 
well suited for cases with pronounced 
nervous excitement. In pneumonia 
the value of digitalis as a heart tonic 
has been particularly emphasized, and 
even its administration throughout 
the disease advocated. 

It is often stated that in chronic 
myocarditis or cardiac fibrosis, as well 
as in fatty degeneration, with signs of 
functional insufficiency of the organ, 
digitalis is of little or no value. The 
heart muscle, having been weakened 
through partial replacement by non- 
contractile tissue, is said not to be 
able to respond to the stimulating 
effect of digitalis and in some in- 
.stances to be injured rather than 
benefited by the drug. The alleged 
effect of digitalis in raising the blood- 
pressure has also been advanced as a 
reason for withholding digitalis in 
these cases, on the ground that undue 
resistance to the heart action is im- 
posed. Jt has of late become evident, 
however, that digitalis, except in a 
few instances, has little or no effect 
on the blood-pressure, which may, in 
fact, be somewhat reduced. Many 
clinicians, moreover, advise its use. 
Thus Abrahams states: “Patients 
with myocarditis can stand 15-drop 
doses of the tincture three times a day 
very nicely. It docs them a great 
deal of good.” In view of these facts, 
it would appear that the dangers at- 
tending the use of digitalis in chronic 
myocarditis have been overdrawn, 
and that with due caution as to dos- 
age, more particularly where there is 
reason to suspect pronounced fatty 
changes, there should be little hesita- 
tion in employing the drug. By some* 
strophanthus is given preference over 
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digitalis in these cases, with the idea 
that the vessels arc less constricted 
by the former than the latter. There 
is reason to believe, however, that too 
much stress has been laid on this dif- 
ference between the drugs. Where it 
seems especially desirable to avoid 
any increase of blood-pressure, ni- 
trites may be given with the digitalis 
(preferably at shorter intervals, since 
their effect is of brief duration). 

In myocardial degeneration from any 
cause, the writer notes both the aijical 
and pulse rates at the time the pa- 
tient is put to bed. If no slowing of 
the rates t)ccurs, and no lessening of the 
tendency to abortive systoles takes 
place, as evidenced by the discrepancy 
between apical and pulse rate, in the 
majority of the cases one will find that 
digitalis cannot be used at all, or, if 
used, is disappointing in its effects. 
W. IC. Robertson (Penna. Med. Jour., 
Nov., 1912). 

The indications for starting digitalis 
therapy are the presence of symptoms 
and physical signs which are the re.sult 
of cardiac inefficiency. These are breath- 
lessness, cough, cyanosis, edema, pain, 
weakness, nausea, vomiting, enlarge- 
ment of the liver, decreased urine out- 
put, rapid pulse. The indications for 
stopping digitalis are improvement in 
these symptoms and signs or the oc- 
currence of some of the toxic effects of 
digitalis. The latter arc nausea, vomit- 
ing, certain arrhythmias, as bigeminal 
pulse and heart -block, rarely diarrhea. 
Very often digitalis has but slight 
potency. A serious error is to regard 
a drop as a minim and to prescribe 15 
drops of tincture of digitalis, thinking 
to give 15 minims; the patient taking 
15 drops often gets but 5 minims, 
rarely more than 7 minims — both very 
small doses. This accounts for much 
unconscious prescribing of too small a 
dose. Definite evidences of cardiac in- 
sufficiency alone indicate digitalis. In- 
creased heart rate alone is never the 
result of cardiac insufficiency and never 
the indication for digitalis therapy. 


Paroxysmal tachycardia does not re- 
spond to digitalis and digitalis does not 
affect simple tachycardia. No mur- 
mur of whatsoever sort, nor enlarge- 
ment of the heart, in itself is an indica- 
tion for digitalis. Christian (Boston 
Med. and Surg. Jour., July 13, 1922). 

Chronic myocarditis generally oc- 
curs in association with other more 
or less evident organic lesions, and 
in particular 'with arteriosclerosis. 
Where this condition is marked, digi- 
talis should, of course, be used only 
with some circums])ection. If the 
blood-pressure is not much raised, 
however, and there coexist pro- 
nounced symptoms of circulatory in- 
efficiency, digitalis in small doses, it 
is now conceded by many, will often 
yield excellent results. In cases with 
marked emphysema and cyanosis, 
however, special care is required, as 
large doses of digitalis may cause sud- 
den death. In these cases (jcrman 
clinicians prefer to use caffeine and 
thco])hylline sodium acetate (theo- 
cine). 

In cases with high arterial tension 
digitalis is at first contraindicated; but 
in all these cases in course of time 
symptoms of heart-failure set in. In 
.such cases at this period benefit may 
be obtained from the careful u.se of digi- 
talis or slroi)hanthus. It is often ad- 
visable to administer at the same time 
one of the vasodilators or the iodides. 
Formerly, the author employed the 
vasodilators alone or gave digitalis only 
in small doses, combined with full 
doses of the nitrites. He found, how- 
ever, that in many cases he had no 
results unless he increased the amount 
of digitalis until full doses were reached 
and the blood-pressure had gained 
its former level; only then did edema 
disappear. In such patients digitalis is 
often demanded in fairly full doses to 
maintain blood-pressure at its high 
level, otherwise capillary circulation 
fails and venous stasis develops. A. D. 
Blackader (Therap. Gaz., Oct., 1908). 
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In cases of arteriosclerosis with vaso- 
motor control largely gone, the blood- 
pressure may be found, for instance, to 
be 280 mm. Hg in a case in which, the 
heart beginning to fail, there is some 
edema of the ankles and shortness of 
breath upon ordinary exertion. It might 
be thought that the best treatment 
w^ould be to give drugs to diminish the 
blood-pressure. In practice, however, 
the best results are obtained by giving 
15 minims fO-O c.c.) of tincture of digi- 
talis in water three or even four times 
a day. It might be thought that the pa- 
tient w'ould necessarily suffer from apo- 
plexy, but in practice it is found that the 
risk of this docs not seem to be any 
greater with the giving of the digi- 
talis than w'ithout it. French (Clini- 
cal Jour., July 5, 1911). 

'J'he writer found digitalis effective in 
many cases of circulatory failure. In 
8 cases of arteriosclerotic heart, 6 were 
improved by digitalization. In 10 of 
myocardial insufficiency digitalized, 5 
were benefited. In 6 cases of rheu- 
matic heart, without failure, no bene- 
fit occurred. Four cases of rheumatic 
heart disease, mitral stenosis, regular 
rhythm, and congestive circulatory 
failure, were improved clinically by 
digitalization. In 1 case of mitral 
stenosis, digitalis produced depression 
of auricular conduction (prolonged 
1’ R interval) coincident with marked 
clinical improvement. Aortic regurgi- 
tation does not contraindicate the use 
of digitalis. In a case of complete 
block wdtli congestive failure, digitalis 
produced clinical improvement. In this 
case the writer considers that the digi- 
talis effect was probably a direct effect 
on the ventricular musculature. In 18 
cases of relative high diastolic blood- 
pressure there was no evidence of 
effect from small doses of digitalis. 
Small doses of digitalis produced no 
constant or marked change in pulse 
pressure, systolic pressure and heart 
rate. There was no evidence that 
small doses of digitalis were of value in 
mitral stenosis, angina pectoris, hyper- 
tension and myocardial insufficiency. 
Leech (Boston Med. and Surg. Jour., 
Feb. 26, 1925). 


In the frequently met sulqects of 
combined circulatory and renal in- 
volvement or “cardiovascular-renal 
disease,” at a stag^c where, with the 
blood'-prc.ssurc still hig-h and the kid- 
neys secretingf urine of low s]>ecific 
gravity, the heart begins t(^ fail and 
edema to a])])(‘ar, moderately large 
doses of digitalis will often l)ring con- 
siderable relief, the heart muscle itself 
being generally hetler ])reserved than 
in other myocarditides. According to 
A. Meyer, it is especially the cases 
with distinctly high blood-pressure 
that recjuire fairly generous amounts 
of digitalis. Where the renal excre- 
tory^ function is already seriously com- 
])romiscd, however, full doses may 
liriiig on uremia l)y arresting the flow 
of urine. Hence it will not infre- 
quently become a question whether 
digitalis should he used at all in thc.se 
cases, small doses alone generally 
proving inefficient in overcoming the 
cardiac weakness. 

Meya^r suggests that w^here the vas- 
cular changes accompanying myocar- 
ditis are l)ut slightly marked, 0.1 Gm. 
(1/^ grains) of powdered digitalis lie 
given thrice daily for a few days, then 
once or twice daily. Where they^ are 
more ])ronounced, or the ])aticnt\s age 
is such as would lead one to sus])cct 
their presence, greater caution should 
be exercised, 0.2 to 0.3 CJm. (3 to 4j4 
grains) being given per diem for two 
or three day^s only, then 0.1 Gm. (Ij4 
grains) for a day or two. Combina- 
tion wdth a diuretic, at the beginning 
of treatment, may" be advantageous. 

Valvular Disease. — Consideration of 
the uses of digitalis in valvular dis- 
ease may properly begin with acute 
endocarditis, since this is the natural 
precursor of deformity of the valves. 
The consensus of opinion is that digi- 
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tails should not be used in this con- 
dition until indications of actual heart 
weakenini:^ occur. A\diere the heart 
muscle is less impaired than the 
valves, as is usually the case, it seems 
clear that incrcasini^ the force of the 
heart beats with digitalis may be pro- 
ductive (»f more harm than ^ood. The 
same applies to cases of subacute 
endocarditis, in which the inflamma- 
tory j)rocess in the endocardium and 
valves continues for weeks or months, 
with some fclwile reaction and chills 
at irregular intervals. Rest in bed is 
the most important measure in the 
treatment of these cases. 

]n acute endocarditis especially, Init 
also in acute myocarditis, the employ- 
ment of digitalis is to be deprecated. 
In this condition absolute rest with low 
vascular tension is demanded; even re- 
gurgitation of the blood-stream is of 
value for the time being by lowering 
intraventricular pressure. All acute in- 
flammatory symptoms must pass away 
completely before the administration of 
digitalis can be free from risk of harm. 
If stimulants to the general circulation 
, at this time arc demanded, strychnine, 
ammonia, camphor, and alcohol are to be 
preferred. A. D, Blackader (Therap. 
Gaz., Oct, 1908). 

As a rule in the heart-failure of acute 
rheumatism with failure of tonicity, 
while the infection is acute digitalis 
fails entirely, but at a later stage, when 
the temperature has been normal for 
some days, and dilatation increases with 
dropsy, its administration is sometimes 
of great value. H. Hume Turnbull 
(Austral. Med. Jour., Oct. 19, 1912). 

In chronic endocarditis, with grad- 
ually developing valvular fibrosis, or 
in cases in which defective valves re- 
main as they were after subsidence 
of an acute or subacute inflammatory 
process, myocardial hypertrophy usu- 
ally occurs to compensate for the 
mechanical disadvantage at which the 


heart is placed owing to the valvular 
trouble. Where this compensation is 
sufficient to satisfy ordinary circula- 
tory requirements, digitalis is rarely 
indicated. As soon as signs of cardiac 
insufficiency, such as dyspnea or 
cough on exertion, palpitation, slight 
edema, and indigestion appear, how- 
ever, and most emphatically where 
the patient has already taken to bed 
wflien first seen, digitalis should be ad- 
ministered, and will often be product- 
ive of a remarkalde degree of benefit. 
The indications for the drug vary 
somewhat in the case of lesions of the 
different valves, and the latter will 
therefore be taken up individually. 

It is in mitral insufficiency, the 
commonest form of valvular involve- 
ment, that digitalis is most strikingly 
effectual and may be given with the 
least danger. As in every other car- 
diac disorder, the drug is e.specially 
A^'iluable wliere dilatation of the car- 
diac walls can be detected by physical 
methods of examination, the tonifying 
property of digitalis rapidly drawing 
the insufficient ventricular walls to- 
gether and increasing the functional 
efficiency of the organ. The pro- 
longed diastole rests the muscle, the 
powerful systole improves the coro- 
nary circulation, and the increased 
tone may result in contraction of the 
mitral orifice and approximation of 
the papillary muscles and their tendi- 
nous prolongations to an extent suffi- 
cient to allow of better closure of the 
orifice during systole. The right 
ventricle, if overburdened, is relieved, 
congestion on the venous side of the 
circulation is overcome, and the func- 
tions of various organs are bettered 
through the removal of stasis. 

If the writer^s *^digitalis test” — ^the 
giving of 25 drops of the French official 
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digitalin solution in every case of 
arterial or endocardial cardiopathy 
when compensation begins to fail — is 
negative, that is, if the heart does not 
show any tonic effect from it, other 
heart tonics are required, — strophanthus 
or sparteine. In case of transient 
trouble, with a resistant myocardium, 
the author gives large doses of digitalis 
followed by progressively smaller doses 
(constant effect). This is followed by 
a period of repose on a milk diet, re- 
turning to the digitalis in case of a 
new attack of heart weakness. In case 
of chronic trouble, with a degenerated 
or sclerotic myocardium, he commences 
with the digitalis test, and if the myo- 
cardium does not respond properly to 
the test he gives sparteine and strophan- 
thus alternately for a week. When the 
heart has been steadied, he then gives 
the digitalis in a single large dose (25 
to 50 drops in two doses), then follows 
with rest on a milk diet. Whenever 
the myocardium shows signs of waver- 
ing, then the heart tonics should be 
resumed first, and later the digitalin. 
The official digitalin to which he refers 
contains 1 nig. of active principle in 50 
drops of the alcoholic solution. A case 
is cited to show how digitalis failed at 
first, but after the interposition of the 
heart tonics was able to exert its specific 
action and the patient was kept in com- 
paratively good health by resumption of 
this alternate medication at need, with 
intervals of repose. Huchard (Pressc 
med.. No. 1, 1905). 

The best results of digitalis are ob- 
tained in cases of mitral disease asso- 
ciated with a deficient heart muscle. 
These results are probably due to an 
improved coronary circulation resulting 
in better nutrition to the heart muscle. 
Digitalis, on the other hand, fails in 
those cases in which the irregular and 
rapid heart action is due to nervous 
influences. Notable examples of this 
are paroxysmal tachycardia and the 
rapid pulse of Graves’s disease. Edens 
(Therap. Monatsli., xxv. Nu. 1, 1911). 

In mitral or aortic valvular disorders 
and in myocarditis, digitalis is useful 
where cardiac irritability is disturbed and 
the heart-rate somewhat accelerated. 


Bordet and Yacoel (Arch, des mal. du 
coeur, Oct., 1924). 

Not infrequently the physician will 
he called when the patient is in acute 
distress, sitting bolt upright or stand- 
ing bent over and struggling for 
breath, with marked nervous excite- 
ment, accelerated and irregular pulse, 
cold perspiration, possibly coughing 
and precordial pain. Under these 
conditions digitalis, while indicated, 
will not act promptly enough; the 
immediate requirements are for a 
hypodermic injection of morphine, 
guarded, if respiratory depression is 
feared, by a small dose of atropine or 
a larger one of strychnine. An injec- 
tion of nitroglycerin, rcqieatcd, if need 
])e, until intracranial pulsation is felt 
subjectively, or venesection, will often 
relieve the dilated heart and cut short 
the symptoms, thc/ugh in cases where 
there is marked collapse and prostra- 
tion ergot intramuscularly may be 
preferable. Once the attack is sub- 
dued digitalis should be given, either 
in the form of the tincture, in doses 
of 10 to 20 minims (0.6 to 0.12 c.c.) 
two or three times daily, German 
digitalin, to J4 grain (0.0075 to 
0.015 Gm.), or the infusion, 1 to 3 
drams (4 to 12 c.c.). In the final 
stage of mitral insufficiency Abrahams 
administers, to begin with, even a 1- 
dram (4 c.c.) dose of the tincture, to 
be repeated in twelve hours if there 
has been no satisfactory symptomatic 
betterment ; the dose is then reduced 
to 30 minims (2 c.c.) three times a 
day, this being continued for the next 
two or three days, and finally to 20 
minims (1.2 c.c.). In the less ad- 
vanced cases the same author gives 
10-minim (0.6 c.c.) doses for an in- 
definite period. Ab.solute rest is to be 
enjoined when large doses are being 
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taken. It is also necessary to beware 
of toxic effects (sec section on Un- 
toward Effects), the fact being kept 
in mind that the drug is slowly elimi- 
nated and a summation of the action 
of successive doses occurs, with a 
tendency to renal vasoconstriction and 
further accumulation. Occasional in- 
termission for a few days is advisable. 
Where prolonged administration is 
necessary, Whitla interrupts the digi- 
talis every two months, and after a 
three-day rest gives strophanthus in 
smaller doses, with syrup of iron, 
quinine, and strychnine phosphates. 
Most clinicians intermit more fre- 
quently, c.//., every two or three 
weeks, a ten-day rest being given. 

In 3 cases in which fluoroscopy 
showed cardiac dilatation during at- 
tacks of prccordial discomfort and car- 
diac insufficiency, digitalis led to in- 
creased distention of the ventricle, 
wdiereas 10 to 12 intravenous injections 
of 0.25 mgm. O/m) grain) of ouabain 
brought relief. Bordet and Yacocl 
(Arch, des mal. du cceur, Oct., 1924). 

It is often advisable, when begin- 
ning digitalis treatment, to pre])are 
the ground for its action by prelimi- 
nary catharsis and diuresis. The 
former effect may be secured, c.g., by 
a full dose of compound jalap powder. 
A favorite procedure serving both 
cathartic and diuretic purposes is to 
combine the digitalis with squills and 
a mercurial, as in the so-called Guy, 
Addison, or Niemeyer pill: — 

B PuJvcns digitalis, 

Fulveris sciUcc, 

Mass(e hydrargyri.iik gr. xxiv (1.5 Gm.). 

Ft. pil. no. xxiv. 

Sig.: One pill after each meal. 

Calomel might be used in place of 
the blue mass, acting more strongly, 
though at times less pleasantly for the 
patient. Huchard substituted pow- 


dered scammony for the mercurials, 
thereby relying solely on the squill 
for the direct diuretic effect, while 
Allbutt, in the presence of dropsy, 
combines the xanthin derivatives with 
digitalis : — 

B Thcohroinin^r sodio- 
salicylatis ( d iu rc- 

tin) gr. x-xv (0,6-1 Gm.). 

[vcl Thcol^hyllino' 
sodioacctatis (the- 
ocin sodium ace- 
tate) gr. iv (0.25 Gm.)]. 

Tinctuvic digitalis., up* (0.3 c.c.). 

Spiritus juniperi 

compositi Sss (2 c.c.). 

Aquee carui [I'cl 

anisi] 3] (30 c.c.). 

M. Sig. : For one dose. 

Rest in bed and, in advanced cases, 
reduction of the intake of fluids are 
always to be remembered as power- 
ful adjuvants to the favorable cir- 
culatory and renal effects of these 
drugs. Huchard limited the fluids in 
severe cases to 200 Gm. (% pint) of 
a mixture of 3 parts of milk with 1 of 
water, four times daily. On and after 
the fourth day whole milk was sub- 
stituted, but the quantity kept the 
same until the third week, when 1500 
to 1800 Gm. (3 to 3)^ pints) were 
allowed. Solid food was given only 
when the patient ceased losing weight. 

Patients with cardiac dilatation, 
whether the failure of the left heart is 
due to valvular diseases or to a primary 
myocarditis, should not be given digi- 
talis when first seen. Instead the pa- 
tient must be absolutely still in bed for 
at least twenty- four hours. Then digi- 
talis can be given tentatively, in small 
amounts at first, gradually increasing 
the dose and feeling one’s way with it 
until the proper degree of stimulation 
may be obtained. Some patients with 
primary myocarditis are distinctly 
harmed by digitalis. M. H. Fussell 
(Penna. Med. Jour., Nov., 1912). 
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The same author, and more recently 
Mayor, of Geneva, have advised the 
prophylactic administration of small 
doses of diji^italis in heart cases, i.r., 
the f^ivin^ of the dru^ even durinp^ 
periods in which signs of insufficient 
cardiac function are but slight or 
absent. They consider it a mistake 
to leave offi digitalis entirely when 
peripheral edema has disappeared. 
Huchard, in cases in which the myo- 
cardium is in the initial stages of de- 
generation, reduced the fluid intake 
for a short period every month or six 
weeks, and after this gave %ri(> grain 
(0.0001 r,ni.) of the French “digitalinc 
cristallisee” for ten days to two 
weeks. Attacks of heart weakness 
with peripheral edema can thus, ac- 
cording to this author, be put off 
or entirely prevented. IVTayor, ()f 
Geneva, lays stress on the harm done 
to the various organs of the body, 
and hence \o the system as a whole, 
by repeated attacks of heart weak- 
ness, and points out that if, after the 
first attack is passed, subsequent at- 
tacks are hn'cstalled by ]^criodic ad- 
ministration of small doses of digi- 
talis, the general condition will be 
kept good much longer than would 
otherwise be the case and the ultimate 
serious circulatory breakdown ma- 
terially retarded. The aim sought in 
giving small doses of digitalis, as ad- 
vised by this author, is not to cause 
the heart to hypertrophy, but to main- 
tain its ability to withstand temporary 
additional stresses, so that it will not 
at once become insufficient under the 
influence of emotional disturbances or 
when unusual muscular activity is in- 
dulged in. The condition to be estab- 
lished is the same as that .seen in 
healthy individuals who take up 
mountain climbing in the spring, after 

4 - 


being inactive all through the winter; 
on the first day, dyspnea and tachy- 
cardia arc marked and out of propor- 
tion with the work performed, but on 
the second they diminish and on the 
third are no longer noticed, circula- 
tory sufficiency having been re-estab- 
lished in spite (ff the fact that during 
the short period elapsed cardiac hy- 
pertroph}^ cannot have occurred. The 
object is thus not to allow a heart 
bearing a permanent lesion to lose the 
habit 'of performing the maximal 
amount of work of which it is capable, 
in order that when unusual stress 
comes the organ will ikU be exposed 
to dilatation. Scmietimes this result 
can be secured by means of carefully 
supervised muscular exercises or 
through hydrotherapy ; but in many 
instances these measures are not at 
all or only partially available, and in 
these, according to Mayor’s experi- 
ence, digitalis is of great assistance. 
ITsually 0.3 Gm. (4^/2 grains) of digi- 
talis, given in the course of three 
days three times in each month — on 
the 1st, 2d, and 3d, 11th, 12th, and 
13th, and 21st, 22d, and 23d, of 
each month — is the amount required, 
though in some cases this may have 
to be increased to 0.45 Gm. (7 grains) 
or can be reduced to 0.2 Gm. (3 
grains). The drug may be conve- 
niently administered in the following 
form (Mayor) : — 
riuidcxiracti digitalis, 

Fluidextracti Jiydras- 


tis a a 4Gm, (irtlxxv). 

Glycerini 2 Gm. ( tti xxx ) . — M. 


Ten drops of this mixture, containing 
4 drops (not minims) of the fluidex- 
tract of digitalis, are equivalent ap- 
proximately to 0.1 Gm. (1^2 grains) 
of powdered digitalis leaf. When 

through some accidental circum- 
10 
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stance the patient becomes unduly 
fatigued, t)r in the event of any acute 
infection, even sliglit — bronchitis or 
influenza, for example — occurring, the 
dosage of digitalis should be tem- 
porarily increased. By proceeding in 
this manner, Mayor asserts, circula- 
tory siifticiencv can be maintained for 
so long a time as to afford the patient 
an illusion of complete health. 

After a more or less prolonged 
period, liowever, heart weakness will 
begin to appear in the intervals be- 
tween periods of digitalis administra- 
tion. Tlie next step which suggests 
itself is to increase gradually the total 
amount of digitalis taken in each 
three-day period from 0.3 Gm. to 0.35, 
0.4, and even 0.6 Gm. (5 to 9^2 
grains). This may be tried, but often 
better results are obtained by reduc- 
ing gradually the intervals between 
the periods of medication to seven, 
then to six, five, and four days. 
Finally, a time will come when cir- 
culatory equilibrium will hardly be 
maintained by digitalis for more than 
twenty-four hours. The drug treat- 
ment will then have to be continuous 
instead of interrupted. 

Groedel, Kussmaul, Sahli, and Hen- 
rijean have reported cases of cardiac 
disease kept free from further attacks 
of failure of compensation for six, 
seven, and even twelve years by the 
daily ingestion of suitable doses of 
digitalis. One of Grocdel’s cases, 
after repeated attacks necessitating 
Jong periods of rest and increasing 
doses of digitalis, was kept free from 
any further attacks and enabled to 
resume and continue his work as a 
surgeon for eleven years by 0.05 Gm. 
(% grain) of powdered digitalis leaves 
taken twice daily. In certain forms 
of adhesive mediastinopericarditis and 


of aortic insufficiency in arterioscle- 
rotics, in cases where an idiopathic 
hypertrophy gives way to fibrous 
myocarditis with rapidly recurring 
acute decompensation, and in a few 
cases where the right heart is con- 
stantly menaced by reason of a 
chronic lung afifection and the patient 
for some reason cannot be kept under 
watch. Mayor advises that the digi- 
talis treatment be continuous from 
the first, and not begun with the in- 
termittent form. 

In continuous treatment the ques- 
tion of cumulative action has to 
be considered. Pouchet and Mayor 
agree, however, that 0.0001 Gm. (% 5 () 
grain) of crystallized digitalin, i.e., 
about 0.1 Gm. {lyi grains) of pow- 
dered digitalis leaves, does not ex- 
ceed the amount that can be destroyed 
or eliminated daily by the adult 
human subject. If, with these small 
doses, signs of cumulative action 
should happen to appear (the patient 
being always instructed as to their 
nature) a single day’s interruption 
would suffice, as a rule, to restore 
equilibrium. A second objection which 
might be raised to continuous treat- 
ment, viz., that a premature and 
excessive compensatory hypertrophy 
would take place, is shown to be 
groundless not only by the fact recog- 
nized by various authors, including 
Sahli, that life can be prolonged by 
continuous administration of digitalis 
(because the effects of stasis in vari- 
ous organs, which react unfavorably 
on the heart itself, are thus avoided), 
but also by the experimental work of 
Cloetta (1908), which showed that 
therapeutic doses of digitalis do not 
cause hypertrophy of the normal rab- 
bit’s heart; in rabbits in which adrtic 
insufficiency had been artificially es- 
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tablished, indeed, the drug was shown 
to render easier the work of the heart, 
for while among the animals not 
given digitalis the heart underwent 
hypertrophy to the extent of 80 per 
cent, and several succumbed to the 
cardiac disease, among those given 
therapeutic doses of digitalis the 
hypertrophy amounted only to 30 
per cent, and none died until sacrificed 
for examination twelve to eighteen 
months after the production of the 
artificial lesion. 

Report of cases showing the value of 
continuous administration of small 
doses of digitalis. One case was that 
of a woman 72 years of age, presenting 
dyspnea such that she was almost 
unable to walk, with cyanosis, marked 
stasis at the bases of the lungs, and 
murmurs at all the valves. Being placed 
upon digitalis, she took 620 powders 
each containing IK’ to 2K grains (0.1 
to 0.15 Gm.) of the leaves. She was 
then taken with pneumonia, but con- 
tinued the powders, and recovered. At 
the time of writing, over four years 
after the beginning of treatment, she 
had taken in all nearly 1200 doses. 
During this period she tried several 
times to leave off the remedy, but after 
a few days felt impelled to resume it. 
On one occasion, however, three years 
after the beginning of treatment, she 
left off the drug, upon reciuest, for a 
month, and on this occasion bore the 
interruption of treatment better than 
she had been able to before. The use 
of the drug was only resumed in order 
to avoid the bad effects of cold, which 
she withstood better when under the in- 
fluence of the drug. The pulse rate 
was from 82 to 90, and seemed hardly 
to have changed at all since the heart 
action had been made regular for the 
first time at the beginning of treatment. 
Henri jean (Bull, de TAcad. roy. de 
Med. de Belgique, vol. xxii, Nos. 3 and 
4, 1908). 

In mitral stenosis opinions concern- 
ing the value of digitalis are not 
unanimous as in the case of insuffi- 


ciency of the same valve. ,The drug 
sometimes fails to yield the benefit 
expected of it. There seems to be no 
question, however, that when the 
right ventricle weakens, digitalis may 
do much good by toning it up. 
The objection has been raised that the 
drug may do harm by increasing the 
pressure and congestion in the lungs, 
but, after all, this could probably only 
occur if the beats of the right ventricle- 
became stronger than tlicy had been 
before this ventricle weakened. It is 
also possible for digitalis to do good 
by slowing the cardiac rate, thus al- 
lowing more time for the left ventricle 
to become filled through the narrow 
mitral orifice. At any rate, the ad- 
ministration of the drug in moderate 
doses may be tried when symptoms 
of circulatory insufficiency appear, 
and, if it fails to benefit or is not well 
borne, it can later be withdrawn and 
caffeine sodiobenzoate in doses of 5 
grains (0.3 (Im.) tried instead. In the 
more advanced cases of mitral ste- 
nosis, complicated with regurgitation 
at the same orifice, there is no ques- 
tion of the efficacy of digitalis, which 
may be given in full doses. Where 
the patient begins to complain of 
dyspnea, Fiessinger gives YariO grain 
(0.(3001 Gm.) of the French ^'digitaline 
cristallisce’' daily for ten days, then 
reduces the dose to grain (0.00007 
Gm.) for ten days, and alternates thus 
until the symptom is completely re- 
lieved; finally ten-day periods with 
grain (0.0001 Gm.) are alternated, 
with like periods of complete inter- 
mission. The patient can thus very 
often be kept comfortable for a num- 
ber of months. 

In circulatory failure clue to mitral 
stenosis, one should not only carefully 
weigh the import of the tumultuous 
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cardiac sounds, but by the use of in- 
struments of precision determine, if pos- 
sible, whether there is delay in the 
transmission of the contraction impulse 
over PTis’s bundle. If such a delay 
exists, diRitalis in doses large enough 
to cause a distinct and sharp cardiac 
effect is probably capable of prolonging 
this delay and so doing harm. If given 
at all, tbe dose of digitalis must be so 
small as to produce a very gradual ef- 
fect, one which will not consist in de- 
creasing auricular contraction through 
\agal stimulation, but gently re-establish 
general cardiac ])ower. At first one 
should give the patient absolute rest, 
unload the portal system by free jiurga- 
tion, use venesection to relieve stasis, 
and give rapidly acting diffusible 
.stimulants for a few hours until the 
co-ordination of cardiac movement is 
re-established. When this is done, 
small doses of digitalis, arsenic, and 
iron may be used. Hare (Therap. Gaz., 
vol. xxvi, p. 244, 1910). 

In ca.ses of mitral stenosis with 
regular pulse, and those resulting from 
arterial disease, digitalis is often impo- 
tent or even harmful; the heart con- 
tinues to dilate, and dropsy increases 
under its use. Windlc (Brit. Med. 
Jour., Feb. 25, 1911). 

In cases of mitral stenosis, digitalis is 
contraindicated if the presystolic mur- 
mur is missing, the jugular or liver-pulse 
is synchronous with the cardiac systole, 
and the heart occasionally skips a beat, 
with a tracing showing disturbance in 
conductivity. Martinet (Presse ined., 
July 8, 1911). 

In aortic insufficiency it is, in gen- 
eral, the tonicity of the heart muscle 
that governs the administration of 
digitalis. Where, owing to insufficient 
.coronary blood-supply, the muscle 
begins to dilate and the cardiac dull- 
ness shows enlargement greater than 
that corresponding to the primary 
excentric hypertrophy of the organ 
occasioned by the aortic leakage, the 
drug is in many instances capable of 
considerable benefit provided the dose 


is carefully J^djusted. A seeming dan- 
ger in these cases is that the cardiac 
rate may be unduly slowed by the 
drug, with resulting excessive pro- 
longation of diastole, and hence — in 
this form of valvular disease — of the 
periods of blood stagnation in the ves- 
sels, the nerve-centers being mean- 
while ex])oscd to the evil effects of 
repeated temporary anemia. But by 
giving only small doses of digitalis 
the tonifying effect of the drug on the 
heart muscle can be obtained with 
relatively little change in the rate; 
upon cautious use digitalis can thus be 
made to do good where larger doses 
would do harm. Abrahams, for ex- 
ample, gives 5 minims (0.3 c.c.) of tlie 
tincture three times on the first day, 
6 minims (0.35 c.c.) three times the 
second day, and continues to increase 
gradually until the desired effect is 
produced or the maximal dose of 20 
minims (1.25 c.c.) three times a day is 
reached, when the initial dose is re- 
sumed and kept up indefinitely (pref- 
erably with an intermission of eight 
or ten days in each month). Tlie pa- 
tient should always be required to 
stay recumbent and be kept under 
rather close watch, so that the drug 
can be at once interrupted or the dose 
reduced if untoward symptoms should 
appear. It is recommended not to 
allow the pulse rate in these patients 
to fall below 80, in order to avoid 
anemia of the centers. The efficiency 
of atropine in abolishing vagal action 
where this is causing undue slowing 
of the heart rate is to be borne in 
mind. This drug may not only be 
used to exclude the vagi where syn- 
copal phenomena appear, but given 
prophylactically with the digitalis to 
prevent too great a diminution of 
rate. In advanced cases of aortic re- 
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gurgitation relative insufficiency of 
the mitral valve is likely to appear, 
the heart muscle having yielded to 
such a degree that the mitral leaflets 
can no longer come in contact across 
the orifice. Under these conditions 
digitalis is clearly indicated, though 
some caution in the dosage remains 
necessary, lest sudden cardiac failure 
should take place. 

The danger of g^iving digitalis in 
aortic regurgitation is entirely illu- 
sory. Sometimes, as in certain aortic 
lesions or in arteriocapillary sclerosis, 
it may be well to combine it with nitro- 
glycerin or some other vaso<lilator, but 
even this precaution is usually unneces- 
sary. A. E. Taussig (Inter.state Med. 
Jour., Aug., 1912). 

The old ohjection to digitalis in 
aortic regurgitation on the ground that 
prolongation of the diastole would al- 
low an increased cpiantity of hlood to 
pass back into the Acntricle, is still held 
hy some, but in the vast majority of 
cases it will be found tliat no slowing 
of the pulse is produced by the drug, 
while its action on the cardiac muscle 
may prove of great value. H. Hume 
Turnbull (Austral. Med. Jour., Oct. 19, 
1912). 

As soon as aortic regurgitation is ac- 
companied by failing heart action, as 
shown by swelling about the ankles, 
pnlmonary congestion, and other well- 
known signs, digitalis is the drug to he 
used. The same thing applies to 
Adams-Stokes' disease: When dropsy 
occurs, with enlargement of the liver, 
digitalis is indicated even if marked 
bradycardia is present. David Riesman 
(Penna. Med. Jour., Nov., 1912). 

True, uncomplicated aortic stenosis 
is infrequent. Much oftener the con- 
dition is merely a roughening occur- 
ring in conjunction with more or less 
widespread angiosclerotic changes, 
and not infrequently combined with 
aortic leakage. In all forms compen- 
sation is likely to be maintained for a 


prolonged period, and no heart tonic 
will tlierefore be required. When the 
muscle finally gives way to dilatation, 
•considerable myocardial fibrosis or 
degeneration will usually have oc- 
curred, particularly in aged patients, 
and moderation in the dosage of digi- 
talis will consequently he indicated. 
Where, again, stenosis exists without 
pronounced myocardial disease, some 
authors contend that the free use of 
digitalis involves danger of vascular 
rupture, owing to the fact that the 
heart is greatly hypertrophied and 
will be aroused to powerful activity 
by the drug. On the whole, the point 
to be chiefly observed in using digi- 
talis in aortic stenosis is thus modera- 
tion in dosage, except in the last 
stages. Relief of prccordial discom- 
fort will alTord an indication as to 
whether the drug is proving of assi.st- 
ance to the heart or, on the contrary, 
is inciting it to excessive activity. 
Where the discomfort is increased, 
strychnine or caffeine may he substi- 
tuted. In the earlier stages of aortic 
stenosis it may sometimes happen that 
the phenomena accompanying pal- 
pitation — the latter induced by some 
temporary emotional disturbance — 
are mistaken for heart-failure, and 
digitalis given ; under these conditions 
the symptoms may be aggravated 
owing to the more or less marked 
muscular hypertrophy, and cardiac 
sedatives will be indicated instead. 

In tricuspid regurgitation, a condi- 
tion seldom un combined and usually 
occurring as evidence of an over- 
worked right ventricle owing to the 
presence of mitral leakage or obstruc- 
tion in the pulmonary circulation, 
digitalis is generally not of the same 
striking degree of utility as in mitral 
in.sufficiency. While in the less severe 
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uncomplicated cases it is capable of 
giving’ excellent results, a large pro- 
portion of patients with tricuspid in- 
sufficiency come under observation 
when cardiac cnfeel)lcment is already 
far advanced, and the organ may fail 
to resjxmd to digitalis as one might 
expect. In these refractory cases 
Fninkel recommends the intravenous 
administration of strophanthin. Jf it 
is not desired to resort to this extreme 
measure, digitalis in moderate doses, 
preferably in combination with theo- 
bromine or caffeine (A. Meyer), may 
be emj)loyed. 

in 17 mitral insufficiencies with 
more or less compensation 15 reacted 
promptly and 2 with defective com- 
pensation negatively. In 4 cases of pure 
mitral stenosis 2 did not react; 1 was 
a case of hepatic stagnation, the other 
of dilatation and pulmonary infarction. 
In 31 with combined mitral insufficiency 
and mitral stenosis all reacted hut 2, 
and in 1 of these there was severe 
myocarditis. Of 9 cases of aortic in- 
sufficiency digitalis was negative in 2, 
in 1 of which there was dilatation. 
When negative residts could not be 
associated with cardiac conditions they 
could be traced to severe general or 
pulmonary affections. In several cases 
of association of tricuspid and mitral 
lesions the result was not significant, 
as there was as a rule dilatation of the 
right heart and stagnation of the liver. 
In 30 cases of associated aortic and 
mitral lesions the behavior under digi- 
talis was very irregular, and there were 
at least 9 negative results in which 
various complications were accused. Of 
33 affections of the myocardium, chiefly 
chronic myocarditis, there were 5 nega- 
tive results which included 2 cases of 
goiter heart. In 5 cases of pericarditis 
with exudation, in which hepatic stasis 
coexisted, there was no reaction of any 
value. In nearly all the 21 cases of 
cardiac insufficiency of chronic nephri- 
tis (no manifest arteriosclerosis) the 
reactions were marked. In 13 cases 
with arterioscleroais the results were 


good in 7. Here as elsewhere the in- 
crease of diuresis was one of the evi- 
dences of a positive reaction. Total 
failure generally argued a poor state of 
the cardiac muscle. Schrenk (Med. 
Record, from Munch, med. Woch., 
Dec. 31, 1912). 

In tricuspid stenosis and in pul- 
monary insufficiency or stenosis, all 
infrequent ICwsions and usually con- 
genital, the same considerations apply 
as in corresponding disorders of the 
left side of the heart, dilatation and 
weakening of the ventricular muscle 
constituting the chief indication for 
digitalis. 

Cardiac Irregularity. — Relatively 
recent clinical studies, conducted 
with the aid of improved instru- 
ments such as the polygraph, have 
shown that the various forms of car- 
diac arrhythmia arc reducible, ac- 
cording to their mode of production, 
to six fundamental types, viz., sinus 
arrhythmia, heart block, premature 
contractions, paroxysmal tachycardia, 
auricular fibrillation, and alternation 
of the pulse. Since these different 
forms present more or less definite and 
diverse indications in regard to digi- 
talis therapy, it will be advantageous 
to discuss them individually. The 
subject as a whole, however, is one 
that cannot be divorced from organic 
heart lesions, and it is from considera- 
tions of simplicity and clearness alone 
that no mention was made of the 
arrhythmias in the preceding sections. 
Since each of the forms of irregularity 
can occur in association with a num- 
ber of different organic or functional 
cardiac disturbances, it will be essen- 
tial to state in every instance, as pre- 
cisely as is now possible, the field 
covered by the arrhythmia under con- 
sideration. 



DIGITALIS (SAJOUS). 


151 


Auricular fibrillation, according to 
Lewis the commonest of tlie ar- 
rhythmias, was formerly termed nodal 
rhythm by Mackenzie and represents 
one variety of what is frequently 
called the ‘^permanently irregular 
pulse/' The rhythmic stimulus which 
sets the heart in motion at each beat, 
normally developed at and propa- 
gated from the region of the sinus, 
{,e,, at the junction of the superior 
vena cava with the right auricle, is 
superseded in auricular fibrillation by 
the formation of abnormally frequent, 
irregular stimuli in the auricle, which 
not only result in loss of co-ordinate 
contraction in this chamber itself, but 
are transmitted in their haphazard 
succession to the ventricle. The lat- 
ter, in turn, responds in so far as it 
can to the impulses received and con- 
tracts both at irregular intervals and 
with varying amplitude of beat. The 
rate is, as a rule, increased to 110 to 
150. About one-half of all cases of 
this form of irregularity occur in 
mitral stenosis, almost one-fourth in 
myocardial degeneration, and the re- 
mainder in aortic disease, arterial dis- 
ease and granular kidney. Tn nearly 
all hearts beating irregularly at a rate 
exceeding 120 the arrhythmia repre- 
sents auricular fibrillation (Lewis). 
Constant irregularity, without inter- 
vening periods of regular rhythm, is 
characteristic. The symptoms are 
those of a failing heart muscle, some- 
times with subjective sensations of 
precordial fluttering. In the less ad- 
vanced cases of heart disease, how- 
ever, attacks of fibrillation may occur 
at long intervals without giving rise 
to much disturbance. In general, 
auricular fibrillation is of unfavorable 
prognostic significance, few cases 
living longer than ten years after it 


has set in. The higher the heart rate 
the more serious the condition. It is 
in this type of irregularity, however, 
that digitalis is of greatest value. By 
impeding the transmission of the 
weaker impulses from the auricle to 
the ventricles, through diminished 
cardiac conductivity, the drug shields 
the ventricles from overwork by re- 
ducing their rate of contraction, and 
frequently produces a most striking 
improvement in the patient’s condi- 
tion. In the average case the tincture 
should be given in doses of 10 or 15 
minims (0.6 to 1 c.c.) three or four 
times a day, the patient being mean- 
while kept in bed. If a drop in the 
pulvsc rate should fail to occur in a few 
days, the dose may be increased until 
signs of intoxication occur. Tn most 
instances, however, the rate will 
promptly fall, and when it reaches 60 
to 80 the drug can be stopped, later to 
be resumed in doses of 5 minims 
(0.3 c.c.) if acceleration tends to recur 
when the patient rises from bed. In 
the most serious cases, with a rate of 
170 to 200, strophanthin intravenously 
in the dose of yjrto grain (0.00025 
Gm.), repeated once or twice at bi- 
hourly intervals, may be substituted 
for large doses of digitalis (Lewis). 

The total anioiint of tincture of digi- 
talis rcfiuircd in auricular fibrillation 
to produce runs of coupled beats or 
regular slowing is, on the average, 450 
minims (30 c.c.) — ^that is, in about ten 
days with doses of 15 minims (1 c.c.). 
Digitalis should be stopped when this 
occurs. Within two or three days the 
pulse quickens and is again character- 
istically irregular. The drug should 
now he given again in increasing doses 
of from 10 to 15 minims (0.6 to 1 c.c.) 
three times a day, until the pulse slows 
to a rate approximating that at which 
the double beats previously occurred; 
it is with this rate of pulse that the 
patient will generally be at his best. 
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Windle (Brit. Med. Jour., Feb. 25, 
1911). 

In the absence of instrumental aid, 
the following plan should be adopted 
in cases of auricular fibrillation in 
which extrasystoles are present and 
vitiating the true reading of the effect 
of digitalis. ' h'irst count over the apex 
with a stcthosctipe the total heats 
during the space of a minute; then 
count for another minute the number 
of couj)led beats heard. Finally sub- 
tract the number of these coujiled beats 
from the total beats; the n'sult indi- 
cates the degree of ventricular response 
to auricular stimuli, and consequently 
the degree of blocking effect of the 
drug employed. A much truer indica- 
tion of the effect of the drug can thus 
be obtained, and a safer control effected. 
Lea (Med. Chronicle, May, 1912). 

In auricular fibrillation, digitalis acts 
by inqiairing the conductivity of the 
bumlle of llis. If it is given in sufii- 
ciently large doses — and very large doses 
are recjuired — the bundle becomes less 
and less able to transmit impulses from 
auricles to ventricles, and the latter, in- 
stead of responding to each considerable 
tremor of the former, contract only 
after the strongest ones. The result is 
a very marked slowdng of the ventric- 
ular rate of contraction, much greater 
than in other cases of broken compen- 
sation, with all of the accompanying 
benefits to myocardium and circulation. 
If the digitalis be pushed unduly, a 
complete block of the bundle of His 
may result. The heart then beats very 
slowly, 30 to 40 times per minute and 
entirely regularly, with the exception, 
perhaps, of an occasional extrasystole. 
This complete heart block is usually 
only temporary, ceasing as soon as the 
digitalis is discontinued. A. E. Taussig 
(Interstate Med. Jour., Aug., 1912). 

The most striking results of digitalis 
are seen in cases where the rhythm of 
the heart is given by the fibrillating 
auricle. But when auricular fibrillation 
is not accompanied by a rapid pulse, 
there is no very marked effect ; improve- 
ment occurs but slowly. When, how- 
ever, there is a very rapid irregular 
pulse, digitalis is followed by a rapid 


fall in the pulse rate and an improve- 
ment in all the symptoms. The slowing 
of the pulse may be used as a gauge of 
the action of the drug, and also as an 
indication as to whether the treatment 
should he continued. The slowing is 
not inhibitory in origin, for it remains 
after large doses of atropine. The 
auricle continues to fibrillate as before, 
and the digitalis may therefore be pre- 
sumed to act either in the bundle of His 
or in the ventricle itself. Careful per- 
cussion in the author’s cases failed to 
show any change in the limits of cardiac 
dullness in many cases in which obvious 
improvement in the symptoms occurred* 
under treatment. 

A dram (4 c.c.) of the tincture a 
day was first jirescrihed. This very 
often led to headache, nausea, or vomit- 
ing after a few days, or the pulse 
show^ed distinct effects ; the drug was 
next abandoned for a few^ days, and 
then resinned with ratlu'r smaller doses. 
In many cases the best results were 
obtained at first only when the largest 
doses were taken wbieb did not induce 
gastric symptoms. After a course of 
digitalis lasting for a fortnight or more, 
the patient often relapsed on giving up 
the drug. Uenewed treatment rCwStorcd 
the improvement, and finally a satisfac- 
tory condition could be maintained with 
comparatively small quantities or with 
larger amounts taken at intervals of 
several days. Since distinct improve- 
ment is rarely seen before the fourth 
day of treatment with digitalis, this 
precludes its use in the most acute cases. 
To elicit a more rapid effect the 
author injected strophanthin intraven- 
ously (%.^o to Vkm) grain — 0.00026 to 
0.000()5 Gm.) in a number of cases with 
most satisfactory results. Gibson (Brit. 
Med. Jour., Sept. 21, 1912). 

Occasionally cases of auricular fibril- 
lation arc seen where the patient is not 
comfortable unless the dose of digitalis 
taken is large enough to maintain the 
coupled beats. In such cases the heart 
muscle is probably very badly affected, 
and no definite rule as to dose can be 
laid down. The physician must decide 
each case on its merits. It is important 
to remember that these small extra 
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beats may not be palpable in the radial 
pulse, so that the physician may be de- 
ceived on feeling this, but they are 
easily recognized on auscultation. H. 
Hume Turnbull (Austral. Med. Jour., 
Oct. 19, 1912). 

In auricular fibrillation, it is in the 
younger persons of the rheumatic 
group, especially if they have initial 
rapid pulse rate, that digitalis acts most 
successfully. In the non-rheumatic 
group (in which the persons arc usually 
older) the results an* not so encourag- 
ing. By the “atropine reaction” it is 
frequently demonstrated, especially in 
certain non-rheumatic hbrillating cases, 
that the slowing under digitalis is en- 
tirely vagal. The degeneration in the 
heart muscle in these cases seems to 
have reached a degree which renders it 
no longer capable of improvement. On 
the other hand, in the rheumatic group 
the atropine test ])roves the slowing is 
due to both vagal stimulation a'nd 
cardiac tissue improvement. The latter 
being often much the larger factor, 
this shows that these hearts have a 
muscle capable of being helped. 

When there is fibrillation, a patient 
with a pulse exceeding UXl while at rest 
needs digitalis. lie should have 15 
minims (1 c.c. ) of the tincture or 1 to 
2 drams (4 to H c.c.) of the infusion 
three or four times a day regularly, 
until the pulse slows to 70 or the physio- 
logical limit for digitalis is reached, as 
shown by headache, nausea, vertigo and 
possibly diarrhea. Not infreijucntly the 
first marked fall in inilsc rate does not 
come until this physiological limit is 
reached. The drug should then be 
stoiiped. In some patients the pulse 
rate does not accelerate after the with- 
drawal of the drug, and there is little 
increase as the patients get up and 
around, until some new .strain provokes 
a new attack. In a second group the 
pulse rate tends to accelerate after the 
digitalis is withdrawn, especially when 
the patients get up, but it can often be 
held in check by small doses, 5 minims 
(0.3 c.c.) two or three times daily. Tn 
a third group the larger doses o^ digi- 
talis are necessary continually to keep 
the pulse rate in reasonable bounds. 


These arc probably the patients where 
the entire slowing is due to vagal in- 
hibition. J. A. Talley (Penna. Med. 
Jour., Nov., 1912). 

In heart failure due to auricular 
fibrillation and a high grade of pulse 
deficit, the writers found that complete 
recovery from the attack not infre- 
quently follows the beginning restora- 
tion of the circulation by a relatively 
small dose. In other similar cases this 
docs not occur, and it is necessary to 
push digitalis. Eggleston and Wyckoff 
(Arch, of Int. Mod., Aug., 1922). 

Of 150 cases of heart failure clin- 
ically studied by the writer, 6 per cent, 
had auricular fibrillation, while 94 per 
cent, had normal rhythm starting at 
the sino-auricular node. The smallc.st 
dose of digitalis required to induce 
toxic effects was 9 drams, the highest 
was 29 drams, and the average was well 
over 14 drams. This result is partly 
due to loss of potency of the tincture 
and partly to increased decomposition 
in the alimentary tract and liver. Bose 
(Indian Med. Gaz., Apr., 1925). 

Premature contraction (extrasys- 
tolc) refers to a condition of arrhyth- 
mia in which, with the heart beating 
normally a part of the time, there 
arise now and then, either in the 
auricles or ventricles, impulses pecul- 
iar in that they come too soon, a sin- 
gle premature beat of ti)e heart thus 
taking place which is usually weaker 
than the normal beats owing to the 
fact that not enough time has elapsed 
since the preceding contraction for 
the heart to be thoroughly prepared 
for the next. The extra beat may or 
may not he fell at the wrist; in the 
latter event a long interval is noted 
between successive pulsations to 
which the term “intermittence” is 
commonly applied. Premature con- 
tractions occur in association with a 
large variety of disturbances, both 
cardiac and extracardiac, and of very 
diverse severity; they possess, there- 
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fore; but little direct prognostic sig- 
nificance. Among the organic cardiac 
disorders, they most frequently ac- 
company myocardial degeneration, 
next aortic disease and mitral ste- 
nosis, and finally, in occasional in- 
stances, angina pectoris, Itright’s dis- 
ease, and arteriosclerosis. Associated 
in other cases are gastrointestinal dis- 
turbances with gaseous distention and 
indicanuria, pulmonary tuberculosis, 
toxic influences such as may depend 
upon the excessive use of tobacco or 
the caffeine beverages, or free admin- 
istration of digitalis itself, and numer- 
ous other conditions. Extrasystoles 
are an evidence of excessive irritabil- 
ity of the heart, and frequently occur 
in individuals with neurotic tenden- 
cies. 

In most cases the administration 
of digitalis is neither desirable nor 
useful, sedatives such as the bro- 
mides, with measures directed to the 
removal of the cause, being indicated. 

In primary chronic myocarditis, so- 
called, digitalis should not be used if 
there arc extrasystolcs, unless the heart 
has hecome incompetent, as shown by 
tachycardia, dilatation, dyspnea and the 
signs of passive congestion. The best 
rc.stilts in broken compensation are ob- 
tained if digitalis is given in massive 
doses. A dram (4 c.c.) of the tincture 
daily is a moderate amount (divided 
doses). In about two days the maxi- 
mum therapeutic effect will usually have 
been produced. The dose may then be 
cut in half. A. E. Taussig (Interstate 
Med. Jour., Aug., 1912). 

Digitalis is * indicated when any 
symptoms are present which can be 
accounted for by no other cause than 
myocardial insufficiency. Benefit may 
follow large oral doses in chronic myo- 
carditis with signs of cardiac failure. 
Repeated clinical observations have 
disproved the view that pulsus alter- 
nans contraindicates digitalis. Ander- 
son (Annals of Clin. Med., Sept., 1924). 


Sinus arrhythmia (pneumogastric 
arrhythmia, Satterthwaite) is a com- 
paratively infrequent type of irregu- 
larity characterized by a periodic 
waxing and waning in the rate and 
amplitude of the heart beats, and is 
dependent upon the influence of over- 
active vagi, which at corresponding 
intervals cause changes in the activity 
of the sinoauricular node, or pace- 
maker of the heart. The disturbance 
is generally of no significance, and re- 
quires no special treatment. Digitalis 
in full doses may itself produce it. 

Heart block is characterized in gen- 
eral by an abnormally low cardiac 
rate (bradycardia) and is an expres- 
sion of diminished conducting power 
in the auriculovcntricular bundle, a 
slender neuromuscular band of tissue 
through which the contractile impulse 
is conducted from the auricle to the 
ventricle. TIcart block may be either 
partial, in which case a certain pro- 
portion of the ventricular beats fail to 
occur, but relationship of the others 
to the auricular beats is still pre- 
served, or complete, when both the 
auricle and ventricle beat regularly 
but at entirely independent rates, that 
of the ventricle slower than in the 
case of the auricle. Dropped beats 
in heart block differ from extrasys- 
toles in being completely lost to pre- 
cordial auscultation, whereas most 
extrasystolcs can be detected as feeble 
ventricular beats by this method ; the 
jugular pulsations will, besides, be 
found, on inspection, more frequent 
than those palpable at the wrist. 
Many cases of heart block occur 
among the elderly, and the condition 
is usually an indication of more or less 
widespread cardiac or cardiovascular 
changes, especially those such as re- 
sult from syphilis and rheumatism. 
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It may also be due to irritation of the 
vagus or vagi through compression 
by neoplasms at any part of their 
course, occur temporarily in various 
acute infections, and be induced by 
digitalis and allied drugs. In most in- 
stances vagal influences, including 
that excited b}^ digitalis, only bring on 
heart block where the conducting 
power of the bundle of His is already 
impaired, but occasionally the condi- 
tion can be induced without any pre- 
vious disturbance (Josue and God- 
lew ski). In any case, it is clear that 
digitalis is contraindicated in the 
presence of heart block, except if 
there be pronounced cardiac dilata- 
tion, when the drug may prove useful 
notwithstanding a further slowing in 
the rate; or where complete heart 
block already exists, when the rate of 
the ventricular beats may be actually 
increased by tlie drug. Care in dosage 
is, however, necessary, at least in the 
former variety of cases, as observa- 
tions of Taussig have shown that by 
pushing digitalis where there is par- 
tial heart block, injury may be done 
to the already weakened bundle, a 
permanent complete block resulting 
and the patient’s condition becoming 
worse. 

Ciusc of a man aged 48, who had 
steadily grown more dyspneic, and was 
confined to bed. Physical examination 
showed a dilated heart, a mitral leak, 
evidence of atheroma of the aortic 
valves, pulmonary edema, an engorged 
liver and great anasarca of the legs. 
The radial pulse was 82 per minute, 
every fourth or fifth beat dropping out. 
The sphygmogram showed a condition 
of partial heart block. The myocardial 
incompetence was so marked that digi- 
talis seemed indicated in spite of the 
evidence of impaired conductivitj^ ; mis- 
takenly, as soon appeared. He was 
given 15 minims (0.9 c.c.) of the tinc- 


ture three times daily. On the third 
day, the pulse, which had been 80, 
dropped to 60, and then lower and lower 
until, in spite of the discontinuance of 
the digitalis, it reached 32 beats per 
minute. The diagram of the pulse rate 
shows that the digitalis effect was not 
produced until after the drug had been 
given forty-eight hours, but persisted 
for a week or more after its discon- 
tinuance. The sphygmogram usually 
showed complete dissociation of au- 
ricular and ventricular contractions, 
though occasionally every second auric- 
ular beat went through. The patient’s 
condition meanwhile had grown sub- 
jectively much worse. Finally, he had 
a brief attack of faintness, suggesting a 
Stokes- A dams attack. lie was taken 
off digitalis and put on Iheocin 5 grains 
(0.3 Gm.) t. i. d. A great polyuria set 
in, he grew rapidly better, the heart 
block again became partial, as shown 
by the sphygmogram, and the pulse rate 
rose to between 65 and 80. 

It has been shown by Erlangcr and 
Hirschfelder that heart block which is 
complete when the auricles are beating 
rapidly becomes less so if the auricles 
are slowed. If in such a case one gives 
large doses of digitalis, the auricles 
beat more slowly, the block becomes 
less complete, and the ventricles may 
beat more rapidly, if somewhat irreg- 
ularly. A. E. Taussig (Interstate 
Med. Jour., Aug., 1912). 

Paroxysmal tachycardia corresponds 
to the condition usually known as 
“cardiac palpitation,” and consists es- 
sentially of a regular series of prema- 
ture beats, all started at a single point 
in the heart, which point is generally 
other than the sinoauricular node, 
whence the contractile impulses nor- 
mally ari.se (Lewis). The heart rate 
usually rises considerably above 100 
per minute, and a characteristic fea- 
ture is that the disturbance of rhythm 
occurs in attacks or paroxysms, which 
are of variable duration. The condi- 
tion can probably not be said defi- 
nitely to indicate cardiac disease, for 
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in most instances no sif^n of a valvular 
lesion can be fotirul. In some pa- 
tients, however, a tendency to dila- 
tation of the lieart and d3^spnea on 
exertion is noted. The valvular 
lesion most frecpiently accompanied 
by ])aroxvsmaI tachycardia is mitral 
stenosis. I'hnotional stresses or exer- 
tion, acute illness, overeating; indul- 
fj’ence in coffee, tea, or alcohol; dij^est- 
ive disturliances, and the assumption 
of certain jiositions, are the common- 
est determininji^ causes of ])aroxysms. 
Tn some cases, however, no exciting 
factor can be found in association with 
the attacks. For their relief, digitalis 
is only occasionally of service, and it 
is not possible to tell in which cases 
it will prove useful. A single full dose 
may arrest the paroxysm, but fre- 
quently the assumption of a certain 
posture — known to the ])atient alone 
— an ice-bag over the precordium, 
emesis or the relief of flatulence, and 
the administration of bromides or 
morphine, are more elTectual. Vaquez 
advises that where, in spite of appro- 
priate measures, a paroxysm contin- 
ues more than three or four days and 
signs of serious heart weakness ap- 
pear, grain (0.0005 Gm.) of 

amorphous strophanthin be injected 
intramuscularly ; on the next day, if 
necessary, grain (0.001 Gm.) by 
the same route, and on the third day, 
if required, the last-named dose intra- 
venously. In treatment during the 
intervals, the utility of digitalis seems 
largely limited to cases where evident 
cardiac disease is present, though 
Lewis states, without referring in 
particular to these cases, that a full 
course of digitalis (at first pushed 
until symptoms appear) may ulti- 
mately bring about improvement, and 
Carnot and Baufle have reported a 


case in which continuous administra- 
tion of small doses gave good results. 

In 2 cases of tachycardia under the 
observation of the writer, the beats 
arising from an abnormal point in the 
heart, digitalis caused return to a 
normal rhythm, first inducing fibrillation 
of the auricle. Mackenzie (Heart, vol. 
ii, 273, 1911). 

To be distinguished from the rela- 
tively infrequent cases of true parox- 
ysmal tachycardia arc numerous in- 
stances also commonly labelled “pal- 
pitations” in which an excessive heart 
rate is more continually present, as 
in the “irritable heart” of neurotic 
patients, athletes, or soldiers; to- 
bacco, coffee, tea, or alcohol addicts, 
and mentally overworked individuals. 
Here the subjective sensation of a 
strongly beating heart is usually more 
pronounced than in paroxysmal tachy- 
cardia, but sim]>le measures are more 
likely to bring relief where there is 
distress and the removal of the cause 
is usually more or less easily accom- 
plished. Digitalis is generally inap- 
propriate and unncccssar\\ unless the 
heart is weak. The same is true in 
the case of tachycardia induced by 
excessive thyroid activity, as in ex- 
ophthalmic goiter, and in infections 
such as tuberculosis. On the other 
hand, in the “palpitation” experienced 
Avhere the heart is acutely dilated 
oAving to overexertion, digitalis is 
highly efficient. 

Alternation of the pulse, the sixth 
and last distinct form of arrhythmia, 
consists in a succession of beats regu- 
lar as to time, but in which alternate 
beats show a constant difference in 
size. It occurs (1) as an accompani- 
ment of paroxysmal tachycardia, when 
it is of but slight importance; (2) in 
cases of angina pectoris, high arterial 
pressure, renal disease and fibrous 
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myocarditis (Lewis), when it is of 
distinctly unfavorable prognostic sij^- 
nificance, signifying’ that the heart is 
overburdened and cannot long hold 
out, and (3) occasionally as a sign of 
digitalis intoxication. The alterna- 
tion is generally but slightly marked 
and detectable only by sphygmog- 
raphy, though even under these 
circumstances it lf)ses none of its 
evil portent when associated with 
organic cardiovascular-renal disease. 
The chief desideratum in these cases 
is less work for the heart, and hence, 
])rimarily, physical ([uiet and removal 
of factors tending toward mental ex- 
citement. The indications for digi- 
talis vary and cannot be definitely 
stated. While a number of authors 
have observed the appearance or ac- 
centuation of pulsus alternans upon 
administration of digitalis, Wencke- 
])ach has seen tlic drug remove this 
form of irregularity in several pa- 
tients, to the extent that even active 
exercise failed to cause it to return. 

In true angina pectoris, associated 
with coronary disease or aortitis, digi- 
talis is contraindicated. In angina 
accompanying myocarditis, however, 
Fiessinger asserts that digitalis in 
very small doses in conjunction with 
theobromine (considered a coronary 
vasodilator) may sometimes do good, 
though rest in bed is, in general, the 
best measure of all for relieving the 
pain. Where the condition is en- 
countered in interstitial nephritis, the 
same combination (digitalis in small 
amounts only), together with the 
dietetic and eliminatory measures ap- 
propriate in this affection, will nearly 
constantly bring about improvement. 
Meyer points out the fact that in the 
presence of mild degrees of cardiac 
insufficiency the result of myocar- 


ditis, mere extrasystoles and slight 
hepatic stasis may be the cause of 
angina. Under these circumstances 
small doses of digitalis may prove 
jiroiiiptly effectual. In angina pec- 
toris without evidence of insufficiency, 
on the other hand, digitalis may do 
])Ositivc harm ; diuretin (the(d)romine 
sodium salicylate) in full doses should 
be administered instead. In the so- 
called “pscudoanginas,’' in which pain 
is referred to the heajrt in the presence 
of digestive disturbances, gall-stones, 
left-sided dry pleurisy, intercostal 
neuralgia, etc., digitalis is, of course, 
contraindicated unless evidences of 
j)oor circulation coexist, when small 
doses of the drug may prove useful. 

In acute pericarditis digitalis is not 
of value unless there arc indications 
of a tendency to iK-art-failure. When 
it is given, close observation of its 
effects is necessary, lest the increased 
amplitude of beat occasioned by digi- 
talis be unduly hampered by the peri- 
cardial effusion, and the drug, owing 
to the slowed heart rate, therefore 
diminish instead of increasing the out- 
put of the heart. Where the right 
ventricle becomes dilated in pericar- 
ditis, Brunton considers diuretin more 
useful than digitalis. In chronic ad- 
hesive pericarditis, the drug is occa- 
sionally productive of good results 
in cases where marked myocardial 
changes do not as yet exist. When 
progressive cardiac insufficiency is 
encountered, however, digitalis is less 
effective than where the phenomena 
of stasis arise from causes other 
than adhesive pericarditis (Kovacs). 

As Circulatory Stimulant in Emer- 
gencies. — Although digitalis is espe- 
cially suited for use in chronic 
disorders of the heart, its powerful 
exciting and tonifying effect on the 
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myocardium and stimulant action on 
the vasomotor center also render it 
valuable for the treatment of acute 
circulatory depression, as in collapse 
under anesthesia, shock due to a 
variety of causes, severe ptomaine 
poisoning, mushroom poisoning, and 
poisoning by circulatory depressants 
such as aconite, or, in fact, by any 
drug which in the later stages of its 
effects brings about the same condi- 
tion, e.g.y acetanilide, alcohol, chloral 
hydrate, etc. Tn all these conditions 
the relative slowness of action of digi- 
talis should be remembered, more 
quickly acting agents, such as am- 
monium compounds, ether, caffeine or 
coffee, strychnine, atro])ine, adrena- 
lin, and the saline infusions being 
administered at the same time as the 
digitalis in order to sustain the cir- 
culatory functions until the foxglove 
begins to take effect. The methods of 
giving digitalis in these cases have 
already been referred to. (See Modes 
OF Administration.) 

Miscellaneous Other Conditions. — 
Digitalis has been recommended in a 
number of affections not essentially 
circulatory in nature. Its effects in 
most of them are of a far less certain 
and striking character than in the dis- 
orders already discussed, and are not 
explainable on the basis of our present 
knowledge of digitalis pharmacody- 
namics, except in so far as the action 
on the circulation may participate in 
any benefit produced. 

Stress laid on the continuous admin- 
istration of digitalin in the nutritional 
disturbances of senility. The author 
has seen otherwise failing treatment 
converted into success by the addition 
of digitalis in cases of ununited frac- 
ture, ulcers, edema, effusions, and the 
albuminuria due to passive hyperemia. 
Senile vesical paralysis, with its neces- 


sary accompaniment, catheterization, may 
be overcome by prolonged use of digi- 
talis. Beates (Monthly Cyclo. and 
Med. Bull., Sept., 1912). 

Digitalis is very useful in hyperten- 
sion or interstitial nephritis sufficiently 
advanced to produce irregular pulse, 
lowered blood-pressure and edema. li. 
Vaqiiez (Arch, des mal. du cceur, 
Oct., 1924). 

Thus in pneumonia, both lobar and 
lobular, a number of authors have 
maintained that digitalis exerts a 
favorable effect, the mortality, indeed, 
being reduced according to Pctresco, 
Fickl, and Bloch. Frequently re- 
])eated doses of a strong infusion were 
formerly advocated by adherents of 
the “specific'’ digitalis method. Barth 
gave as much as 45 grains (3 Gm.) of 
the powdered leaves a day, exhibiting 
it every two hours in an infusion with 
rum and syrup of orange-peel. Slight 
vomiting and vertigo were not con- 
sidered contraindications, though an 
abnormally slow or an irregular pulse 
were taken to indicate discontinuance 
of the remedy. Although it exerts no 
special beneficial effect on the disease 
process, it is useful to brace the heart. 

Fever, it has been claimed, dimin- 
ishes the efficiency of digitalis ; this 
drawback may sometimes be over- 
come by the simultaneous application* 
of an ice-bag over the heart. 

In pneumonia the heart often re- 
sponds beautifully to digitalis, and in- 
deed it may be well to give it, in 
moderate doses, from the beginning of 
the illness. Here the heart-failure may 
be due not so much to the toxemia as 
to the obstruction to the lesser circula- 
tion induced by the massive consolida- 
tion of the lungs. There is thus a 
relatively unimpaired heart, struggling 
under an unusual load, and one may 
rationally expect it to respond to stimu- 
lation. When the heart- failure is due to 
toxemia, digitalis is quite as ineffective 
in pneumonia as in other infections. 
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A. E. Taussig- (Interstate Med. Jour., 
Aug., 1912). 

The Eggleston method is a valu- 
able addition in digitalis therapy. It 
gives confidence in the use of the 
drug, and the shorter time necessary 
for securing digitalis effects should 
give the method wide use. The 
method must be used with care to 
select cases in which these effects 
are desired. In cases of decompen- 
sation with auricular fibrillation, it 
gives strikingly favorable results, 
but, with 3 or 4 c.c. (48 minims or 1 
dram) or more of the tincture given 
daily for several days, has resulted, 
once in partial and once in complete 
heart block. White and Morris 
(Arch, of Internal Med., June, 1918). 

In various other infections, (\g., 
typhoid fever, diphtheria, septicemia 
and pyemia, plague, etc., similar con- 
siderations ai)ply. Tlie drug should 
not be used empirically, but for the 
specific purpose of overcoming circu- 
latory weakness. Due caution should 
be exercised in the initial dosage, for 
if there is acute myocardial degenera- 
tion large amounts may prove harmful. 

In the acute infections, the action 
of digitalis on the heart muscle is 
counteracted by the pyrexia, by the 
depressing action of the toxins upon 
the heart muscle, and by the often 
associated vasomotor paresis affect- 
ing chiefly the vessels in the splanch- 
nic area. But in many cases it can 
be employed with advantage, al- 
though the results obtained are often 
not very manifest. Caffeine and 
camphor appear to have a more 
definite action. A. D. Blackader 
(Therap. Gaz., Oct., 1908). 

Upon the heart seriously impaired 
by typhoid infection digitalis exerts 
a favorable and frequently a directly 
life-saving influence. In severe cases a 
combination of digitalis with small 
doses of ether, as recommended by von 
Jaksch, is indicated for the purpose 
of securing a more rapid action. 
Skutetzky (Med. Klinik, No. 22, 1911). 


Other conditions in which the use 
of digitalis has been advised, seem- 
ingly with less justification, include 
hydrocephalus, epilepsy, the insani- 
ties, hemoptysis, bronchial asthma, 
and spermatorrhea. It has also been 
considered helpful in the reduction of 
incarcerated hernia and for the pre- 
vention of abscess formation. 

Digitalis used to arrest the tend- 
ency to spontaneous epistaxis in 84 
cases. In 75 per cent, of the patients 
the tendency to nose-bleed was 
promptly and permanently arrested 
within twenty-four hours after taking 
the digitalis, even in a few cases in 
which the bleeding was due to some 
anatomical abnormality, correction 
of which later permanently arrested 
the tendency. Focke (Therap. d. 
Gegenw., Sept., 1910). 

Hemorrhage from the lungs is not 
due to tuberculosis In as large a Rro- 
' portion of cases as is generally as- 
sumed. Among the most important 
other causes are anemia, arterioscle* 
rosis, bronchial asthma, and acute 
catarrhal bronchitis. In these con- 
ditions the hemorrhage occurs al- 
most invariably from local conges- 
tion, inducing diapedesis. As the 
diapedesis occurs only from local 
stasis, treatment should aim to regu- 
late the circulation in the region, and 
for this nothing is so effectual as 
digitalis. The proper measures are 
diet, keeping the bowels open and 
regulating the circulation with digi- 
talis. The author generally orders 
for adults an infusion of the leaves. 
An accurate diagnosis of the condi- 
tion causing the hemorrhage is 
necessary before the treatment is in- 
stituted. Focke (Therap. d. Gegen- 
wart, Bd. Hi, S. 306, 1911). 

Larg^e doses of dig-italis are often 
tolerated by alcoholics, in particular 
those sufferings from delirium tremens. 
In the latter state the not infrequent 
beneficial effect of the drug on the 
general condition, including that on 
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the delirium, ai)pears to depend 
largely on the improvement in the 
circulatory functions. 

C. E. i)E M. Sajous 

AND 

L. T. i)E M. Sajots, 

iMiilatlelpliia. 


DIOXYDIAMIDOARSENO- 

BENZOL ( arsphenamin ; salvarsan; 
arsenobenzol ; kharsivan ; diarsenol ; 
606) is an organic compound of ar- 
senic in'e])ared hy l»ertheim, biologic- 
ally tested in animals l^y Hata, and 
introduced into medicine in 1910 by 
Ehrlich, under whose direction the 
study of a long series of arsenical sub- 
stances had been conducted. Dioxy- 
diamidoarsenobenzol was in reality 
number 605 in this series; the com- 
])ound dissolved in water, however, 
only with great difficulty, and it 
was therefore converted to the hy- 
drochloride, i.c., dinxydiamidoarseno- 
benzol dihydrochloride, or 606, the 
molecular formula of which is CioHio- 
No( )oAs 2.2TIC1, and the graphic for- 
mula : — 
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In addition, for each molecule of the 
compound there are present, in ars- 
phenamin as commercially supplied, 
two molecules of water. 

Dioxydiamidoarsenobcnzol hydro- 
chloride occurs as a fine, yellow 
powder, soluble in water, in methyl 
alcohol and in glycerin, less easily 
soluble in ethyl alcohol (1 part in 12), 
and insoluble in ether. When placed 
in water, the drug at first clumps to- 
gether; shaking the mixture with 
glass beads is therefore a useful pro- 
cedure to accelerate dissolution. I'he 


resulting solution is acid in reaction. 
Before it is used sodium hydroxide is 
added to it to an extent sufficient to 
render it feebly alkaline. From this 
solution carbon dioxide precii)itates 
the drug; this is the reason arsphena- 
min solutions gradually become tur- 
bid when exposed to the air. 

Arsphenamin, moreover, even in 
solid form, easily becomes oxidized 
when in contact Avith the air for any 
length of time ; the resulting substance 
is an oxide in which the two jxirts of 
the arsphenamin molecule are split asun- 
der, the two mutual ])onds of affinity 
between the arsenic atoms being now 
satisfied by oxygen. This oxide is 
about twenty times as toxic as salvar- 
san: a good ]>reparation of the latter 
should not contain more than 0.5 to 
0.8 per cent, of the oxide (Ehrlich). 

Neodioxydiamidoarsenobenzol (neo- 
arsphenamin ; neosalvarsan ; neoar- 
senobenzol; 914, etc.), introduced by 
hdirlich in 1911, is a condensation 
])roduct of salvarsan and formalde- 
hyde suliihoxylate of sodium (HoC.- 
Oll.OSONa), and may be represented 
graphically by rej)lacing one of the 
hydrogen atoms united to nitrogen in 
the above formula by the group CHo.- 
OSONa. Th\s prejiaration has the 
pronounced advantages of dissolving 
at once when dropped in water and 
of yielding a neutral solution, so that 
the addition of sodium hydrate for 
puriKises of neutralization is unneces- 
sary. 

In IJ. S. P. X (1926) these drugs 
liecame official as: — 

Arspheuamina (arsphenamiiie), con- 
taining not less than 30 per cent, of 
arsenic. Dose, intravenous, 0.4 Gm. 

Neoarsphenamina (neoarsjihenaniine) , 
containing not less than 19 per cent, of 
arsenic. Dose, intravenous, 0.6 Gm. 
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Unfortunate results from injection 
of arsenical preparations may some- 
times be due to poisoning by traces of 
the drug which remain in the sy- 
ringe and in vessels for preparation of 
the solution from a previous injection 
and which have become oxidised by 
air exposure. The writer counsels very 
careful washing of the syringe and of 
the vessel in which the solution is 
made before each injection and before 
sterilization. In order to test for the 
presence of traces of the oxidised drug 
he submits the final washings to a 
chemical test, using a 2 to 4 per cent, 
solution of silver nitrate, which will 
reveal the presence of such minute 
traces as 1 in 100,000,000. With a 
solution of 1 in 100 of the oxidised 
drug the silver test solution gives an 
abundant, almost black precipitate, and 
with 1 in 10,000 a cloudiness and violet- 
brown color. In more dilute solu- 
tions there is still a characteristic 
coloration after a few seconds. Even 
after four or five washings he noted 
a reaction corresponding to 1 in 
100,000. J. Golay (Ann. dc Derm, et 
de Syph., Sept., 1919). 

The writer showed experimentally 
that shaking solutions of arsphenamine 
and neoarsiphenamine in the presence 
of air led to marked increase of toxi- 
city of the drugs. Preparations which 
are difficultly soluble should, for this 
reason, not be shaken as a dangerous 
increase in toxicity may result. Warn- 
ing is given against preparing solutions 
in a mortar or large beaker. Roth (Public 
Health Reports, xxxv, 2205, 1920). 


mind, hov^ever, that the largest dose 
that can be administered without do- 
ing harm will, under most circum- 
stances, give the best therapeutic 
results. 

The writer, secretary of a commis- 
sion appointed by the Cologne Medi- 
cal Society, blames dosage for the 
fatalities. The number of deaths in 
225,780 injections of arsphenamine, 
neoarsphenamine and arsphenamine- 
sodium totaled 20, 1 for every 11,289 
injections. Twelve were certainly due 
to arsphenamine treatment, 5 were 
questionable, and 3 indirectly due to 
arsphenamine. All deaths from enceph- 
alitis were due to arsphenamine. The 
commission recommends that the 
maximal dose for men be placed at 0.6 
(mi. and for women at 0.45 Gm., and 
that manufacturers be prohibited from 
putting up larger single doses than these. 
Meirowsky (Munch, med. Woch., Apr. 
23, 1920). 

The dose of neosalvarsan is one 
and one-half times that of salvarsan. 

Since the earlier years following 
the introduction of salvarsan and 
neosalvarsan there has been a ten- 
dency to reduce the dosage below 
that originally recommended. Ad- 
ministration of the full doses of 0.6 
Gm. of the older drug, and 0.9 Gm. 
of the neo variety, is in many in- 
stances attempted only after 3 or 
more injections of smaller, ascending 
amounts. 


DOSE. — The dose of salvarsan for 
adults ranges from 0.2 to 0.6 Gm., 
the latter amount being the average 
full dose for a male subject, and the 
former used where dangerous com- 
plications are feared. The average 
full dose for female subjects is 0.5 
Gm. The patient's general condition 
and the information obtained by 
physical examination should be 
taken into account in deciding upon 
the dose, the fact being borne in 


MODES OF. ADMINISTRA- 
TION. — The intravenous, intramus- 
cular, subcutaneous, and rectal 
routes have all been employed in 
giving salvarsan. The first of these 
was soon found to be the best of all, 
and since it is that generally em- 
ployed it will be described first. The 
subcutaneous method proved very 
unsatisfactory, and has been aban- 
doned. The rectal method is of serv- 
ice in a limited number of cases. In 


4-~n 
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infantile syphilitic cases milk, both 
maternal and from the lower ani- 
mals, has been used as a vehicle for 
arsphenamin. 

In local diseases, mostly non-syphi- 
litic, the dru^ is not infrequently ap- 
plied externally. 

Intravenous Method. — As already 
stated, ars])henaniin as such forms a 
stron^dy acid solution, owin^^ to the 
hydrochloric acid it embodies. This 
reaction must be changed before the 
compound is administered. The 
usual mode of procedure is as fol- 
lows : About 30 to 40 c.c. of sterile 
physiological saline solution (0.9 per 
cent), made from C. P. (chemically 
pure) sodium chloride and freshly 
distilled water, are placed in a ster- 
ile, graduated cylinder of 500 c.c. 
capacity. The graduate should pre- 
ferably be provided with a ground- 
glass stopper, and may contain about 
50 sterile glass beads, to facilitate 
dissolution of the arsphenamin by 
shaking. 

' The required dose of the remedy 
is then dropped in and the graduate 
agitated until the compound enters 
into solution. Neutralization is next 
effected by adding a 15 per cent, 
solution of pure sodium hydroxide 
in a certain specified amount, which 
varies according to the dose of ars- 
phenamin used, as may be seen in the 
following table; 


Dose of 
arsphenamin, 

0.6 Gm. 
0.5 Gm. 
0.4 Gm. 
0.3 Gm. 
0.2 Gm. 


Volume of alkaline 
solution to be added. 

1.14 C.C. = 23 drops. 
0.95 c.c. — 19 drops. 
0.76 c.c. “15 drops. 
0.57 c.c. = 12 drops. 
0.38 c.c. = 8 drops. 


The addition of the sodium hy- 
droxide leads to the formation of a 
precipitate, which redissolves, how- 


ever, upon vigorous shaking. Enough 
saline solution is then added to make 
as m^ny times 50 c.c. (or 40 c.c.) as 
there are tenths of a gram (0.1 Gm.) 
in the dose employed. Thus, if a 
0.5-Gm. dose were being used, the 
solution would measure 250 c.c. (or 
200 c.c.). 

The finished preparation should be 
absolutely clear; if it is not, a few 
drops more of the sodium hydroxide 
solution should be added. 

Simplified Method for General Practitioner. 
— One can prepare a solution of neoarsphen- 
amin for use without any apparatus other 
than a sterile glass .syringe and needle and 
5 c.c. of sterile distilled water. The ampule 
is first shaken or knocked so that the 
powder flows easily and is not lumped. The 
tip of the ampule is then filed off, the open- 
ing in it being made large enough for intro- 
duction of the needle to be used. With the 
ampule almost horizontal, 5 c.c. of sterile 
distilled water are now introduced with the 
syringe. The ampule is next agitated for 
30 seconds to a minute, when the powder 
should be in complete solution. To avoid 
spilling, the finger, covered with a rubber 
glove or finger stall, should be held over 
the tip of the ampule. Finally, the solution 
is drawn up into the syringe, and is ready 
for injection. If one desires to use more 
water, 5 c.c. or more of it can be placed in 
the syringe before sucking up the solution 
from the ampule. There is no greater lia- 
bility to reactions with 5 c.c. than when 
more water is used. Great care must, how- 
ever, be taken that the needle is in the vein. 
If in doubt, the tourniquet should be again 
applied and traction made on the piston; 
if blood freely enters the syringe, the needle 
is in the vein. At least 1 to minutes 
should be consumed in injecting the 5 c.c. 
The solution should never be used unless it 
is brilliantly clear. J. F. Schamberg (Jour. 
Amer. Med. Assoc., Jan. 15, 1921). 

The solution may also be prepared 
by placing arsphenamin in a small 
sterile mortar, dropping the required 
number of drops of 15 per cent, so- 
dium hydrate solution directly on to 
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the powder from a sterile pipette, 
triturating the powder and alkali with 
a sterile pestle or a thick glass rod 
with rounded ends, and pouring the 
resulting clear-yellow solution into a 
larger sterile receptacle containing the 
required number of cubic centimeters 


of sterile physiological salt solution 
250 c.c. for a 0.5-Gni. dose). 

In administering the injection noth- 
ing more complicated is essential in 
the way of apparatus than a graduated 
300-c.c. burette or even a funnel tu the 
lower end of which is attached a 
piece of rubber tubing, closed below 


by a clamp and leading to a stout hy- 
podermic needle. The receptacle is 
hung or held at some elevation above 
the patient and the solution allowed 
slowly to run into the vessel. An ad- 
vantageous variation from this, how- 
ever, consists in the employment of 


two burettes or other receptacles, one 
for the salvarsan solution and the 
other for pure normal saline solution ; . 
the two tubes leading from these re- 
ceptacles join in a three-way stop- 
cock, which permits of running into 
the vein either salt solution or salvar- 
san at will. 



Assmy’s apparatus for Intravenous injection of salvars^. 
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Some surgeons, Schreiber in par- 
ticular, employ a large syringe. 
A more frequently used form of ap- 
paratus, however, is one similar to 
that shown in the annexed illustra- 
tion, in which a three-way stop-cock 
is connected with the nozzle of a 20 
or 50 c.c. Record or other glass and 
metal syringe. One of the rubber 
tubes attached to the two distal open- 
ings of the cock leads to the needle, 
while the other is connected with sai- 


ls exhausted, after which another 
syringeful of pure saline solution is 
drawn in and injected. 

From experience in the treatment of 132 
infants and children with congenital syph- 
ilis, almost all of whom received neoars- 
phenamin intravenously, G. Gelbjerg-Han- 
sen (Ugeskr. f. Laeger, Oct. 11, 1923) con- 
cluded that infants are even more tolerant 
of the arsenical drugs than adults. The 
injections were usually given in a vein of 
the elbow or neck, or in the superior longi- 
tudinal sinus as a last resort. The dose 



Apparatus for injection of salvarsan. The (rlass handle, connected with the needle throusrh 
a Blip* joint, acts as a sruide in the insertion of the needle and receives the blood when the vein 
has been entered. (Cory.) 


varsan solution and saline solution re- 
ceptacles, or is left free so that its ex- 
tremity can be dipped at will in either 
receptacle. The tube leading to the 
needle should be interrupted with a 
“window” of glass tubing or some 
other arrangement made so that any 
air-bubbles in the tubing may be seen 
before they can enter the vein. The 
syringe is first filled with saline solu- 
tion and this injected, next the cock is 
turned so that the syringe can be 
filled with salvarsan solution, and suc- 
cessive syringefuls of the latter are 
injected until the dose to be given 


was 0.075 Gm. below 3 months, 0.09 be- 
tween 3 and 6 months, and 0.12 between 
6 and 12 months. 

In feeble patients, Weitgasser (Med. Klin., 
Jan. 27, 1924), to avoid pain, gives the drug 
intravenously in solution in 20 c.c. of a 50 
per cent, solution of glucose. 

Bernard has described a simple ap- 
paratus in which the force propelling 
the solution into the vein is obtained 
through compression of air, the de- 
vice consisting essentially of a closed 
receptacle and a double-valved atom- 
izer bulb. The container consists of a 
wide-mouthed bottle of 12-ounce (360 
c.c.) capacity, provided with a rubber 
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stopper through which two glass 
tubes are passed, one reaching to the 
bottom of the bottle and the other, 
with which the bulb is connected, 
merely passing through the stopper. 
After preparation of the solution the 
latter is filtered into the bottle, which 
IS meanwhile placed in hot water, to 
warm the solution as it drops in. In 
using the apparatus the first step is 
to remove all the air from the tubing 
by holding the latter vertically and 
compressing the bulb until a solid 
stream of fluid passes out through the 
needle. The tubing is then clamped 
and the needle inserted into the pa- 
tient’s vein, when the clamp is 
loosened and the fluid from the grad- 
uated bottle introduced into the circu- 
lation by pressure on the bulb. 

Uhle and McKinney have devised 
an apparatus designated as the *'vac- 
uum burette.” The burette is double- 
walled, and between the two walls is a 
vacuum which prevents loss of heat 
from the fluid placed in the inner 
lumen. Near the lower end of the 
rubber tubing attached to the reser- 
voir is a thermometer. The needle 
used is of platino-iridium. The sal- 
varsan is prepared by dissolution in 
30 c.c. of normal saline solution at 
118® F., neutralization being eflFected 
by the addition of 15 per cent, sodium 
hydrate solution drop by drop until 
the compound has been fully precipi- 
tated and redissolved. After running 
saline solution into the vein, the sal- 
varsan solution is poured into the 
burette, and when it has passed into 
the circulation the receptacle and 
tubing are flushed with 10 c.c. of 
saline solution (Loux). 

The vein into which the injection 
is made is either the median cephalic, 
median basilic, or the anterior radial 


or ulnar vein — usually the first of 
these. The skin is first washed with 
green soap and water, then with 
sterile water and finally with alcohol. 
Some surgeons, after the cleansing 
with soap, lather and shave the part, 
apply tincture of iodine, wash this off 
with alcohol, then apply ether. A 
towel tourniquet or a bandage is next 
placed three or four inches above the 
elbow, in such a manner that it can 
be quickly undone, sterile towels clip- 
ped round the patient’s arm, a promi- 
nent vein chosen, and the needle — a 
large one, preferably of platinum — 
passed directly through the skin into 
the distended vein. (In stout individ- 
uals or in children with small veins, 
the making of an incision or small V- 
shaped flap under local anesthesia and 
passage of the needle or a small 
cannula into the exposed vessel are 
sometimes necessary.) If the point is 
not in the vein, having either failed to 
penetrate or passed entirely through 
it, injection of a small amount of 
saline solution will at once cause 
visible infiltration and a slight swell- 
ing. If the needle has entered the 
lumen, on the other hand, blood will 
drop from it; or, if a syringe is being 
used, a little blood may be drawn out 
to make sure of the entrance, then im- 
mediately reinjected. (Occasionally 
a cannula, with trocar, is used in- 
stead of the needle, the trocar being 
withdrawn after the cannula has been 
introduced and the tubing from the 
salvarsan receptacle then attached, 
due care being taken to avoid the in- 
troduction of air; or, the needle at- 
tached to the tube may be fitted to the 
cannula, so that it can be slipped into 
it.) 

Both indirect and direct adminis- 
tration should be employed when- 
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ever possible. Employing the intra- 
venous route of administration in 
children, it will usually be found 
easiest to expose the vein before at- 
tempting to ins(‘rt the needle. The 
dosaj:;e should be not less than 0.01 
(bn. per kilogram of body weight. 
Repeated injections and supplemental 
treatment by mercurials may be 
necessary. The Wassermann re- 
action should be bdlowed for a year. 
T.a I'etra (Archives of Pediatrics, 
Sept., 1912). 

With the needle in position in the 
vein, it can be maintained there by a 
piece of gauze, tied around the rubber 
tubing and arm just above the needle. 
The tourniquet is next removed from 
the arm and some salt solution, at the 
proper temperature, allowed to run 
into the vein to make sure that 
no fluid will leak into the surround- 
ing tissues. This precaution having 
been taken, the salvarsan solution is 
started. The patient meanwhile is 
recum1)cnt. The injection of salvar- 
san should occupy five to ten minutes, 
and be interrupted for two or three 
seconds each minute (Martin). When 
it is concluded, sterile salt solution to 
the extent of 75 to 100 c.c. should be 
run in to wash all trace of the arsenic 
compound from the vein at the seat 
of injection, thus avoiding subsequent 
local irritation. 

Do not infuse the solution into the 
vein too rapidly. It is best to have 
a needle of such capacity as will take 
eight minutes to introduce 2()0 c.c. of 
fluid. With the gravity apparatus the 
rapidity of inflow can be readily 
governed. Do not use glass pearls 
in the mixing jar, as small parts may 
chip off and cause embolism. Do not 
use a routine dosage of the drug, but 
gauge it according to the weight of 
the patient and the condition to be 
treated. Do not persist in intraven- 
ous injection if the patient shows 
signs of collapse during administra- 


tion, but stop at once. J. F. Scham- 
berg and N. Ginsburg (Jour, Amer. 
Med. Assoc., Feb. 4, 1911). 

Schreiber advises that if, during the 
injection of the salvarsan solution, 
leakage should occur, the skin be- 
coming lifted up and the patient com- 
l)laining of a burning sensation, a 
certain amount of bleeding should be 
allowed, as he has found this the best 
way to avoid infiltration of the tis- 
sues. Where the injection is com- 
pletely successful the patient should 
experience no pain except that due to 
the small skin wound. 

After the needle or cannula is re- 
moved, the ])aticnt’s arm should be 
elevated and sterile gauze previously 
dipjied in alcohol applied to arrest the 
bleeding. Collodion may then be ap- 
plied to seal the wound, and a dress- 
ing of gauze, fixed with adhesive, 
terminates the procedure. 

All apparatus should be sterile be- 
fore use. Receptacles open at the top 
may be covered, before sterilization, 
with four or six layers of gauze, 
through which the sterile solutions 
may be poured into the receptacles 
immediately after these have been re- 
moved from the boiling water or auto- 
clave. Burettes and similar recep- 
tacles may be sterilized instead with 
formaldehyde solution, followed by 
sterile water and alcohol. 

The flask containing the sterilized 
distilled water for use in making the 
solutions should not be stoppered 
with cotton, but with gauze, as cot- 
ton fibers, falling into the fluid, might 
cause trouble. The best syringe for 
injecting is a glass Luer of about 20- 
c.c. capacity. It should not have a 
metal plunger, as in that case the 
least blood may , cause binding. 
Schreiber has a special needle made 
with a bayonet bend in the shaft, and 
on this bend a ribbed finger-hold. 
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The bayonet bend is to allow the 
needle to be more easily shoved 
along in the lumen of the vein. The 
arm is laid out on a cushion so as to 
lie flat and easy; a stout rubber tube 
is thrown around the middle of the 
upper arm and drawn tight enough 
to stop the flow of blood in the super- 
ficial veins, but not so tight as to im- 
pede the arterial supply, and fastened 
with artery forceps or a modern clip. 
It is very necessary that the arm 
should lie easy and still. Montgomery 
(Jour. Amer. Med. Assoc., Feb. 18, 
1911). 

The apparatus used by the writer is 
extremely simple. A large, heavy 
glass bulb-funnel, of about 500-c.c. 
capacity, without stopcock or stopper, 
is used as the receptacle. About 
four feet of small tubing is connected 
to this, with a pinch-cock and a 
large aspirating needle fitted to the 
distal end. A stopper graduate cy- 
linder of 50-c.c. capacity, and a pipette 
of 2-c.c. capacity are also required. 
For the preparation of the solution of 
the drug, only one reagent is required, 
a 15 per cent, solution of sodium hy- 
droxide in distilled water. No sodium 
chloride or hydroxide except the C. P. 
should ever be employed. The sterili- 
zation of the apparatus must be car- 
ried out by boiling in distilled w^ater. 
The water used in making up the solu- 
tion should be freshly distilled. The 
writer uses a simple combination of a 
Jena distilling flask and a Liebig con- 
denser for this purpose. 

The apparatus having been boiled 
for fiftef ‘11 minutes in a covered dish 
with enough distilled water to cover 
the articles, the distilled water and so- 
dium chloride solutions arc put on 
to boil. These are conveniently con- 
tained in Erlenmeyer flasks, of about 
500-c.c. capacity, with gauze stoppers. 
The saline solution is made up by 
adding 7.5 Gm. of C. P. sodium chlor- 
ide to 1 liter of freshly distilled water. 

About 20 or 30 c.c. of the hot sterile 
water is poured into the graduate, 
and the drug added to this, ii the 
entire dose of 0.6 Gm. is not to be 
given, the deduction can most easily 


be made by discarding a proper pro- 
portion of the solution. The stopper 
is placed in the graduate and the latter 
shaken until a perfectly clear solu- 
tion results. The writer does not use 
glass beads. 

Two c.c. of the sodium hydroxide 
solution are now added from the 
pipette, and the graduate shaken again. 
A voluminous precipitate results. 
More alkali solution is added drop by 
drop, with frequent shaking, until the 
solution again becomes clear. The 
approach of the point where the clear- 
ing occurs is indicated by a darkening 
of the liquid. An absolutely clear sol- 
ution, wuth not even a trace of opales- 
cence, should be had. Keeping the 
solutions hot will aid in obtaining and 
keeping this effect. 

About 350 c.c. of the hot sterile salt 
solution are now poured into the bulb- 
funnel and allowed to run rapidly 
through the tube and needle for a few 
seconds, to be sure that all air is re- 
moved from the tube. It is even 
well to strip the tube through the 
fingers, to be sure that no air-bubbles 
remain. 

The needle is now introduced into 
the vein, in the direction of the blood- 
current. The salt solution should be 
flowing constantly during this pro- 
cedure, to prevent the access of air 
to the needle-end. 

When it is seen that the salt solu- 
tion is flowing satisfactorily, the sal- 
varsau solution is carefully poured 
into the bulb. About fifteen minutes 
should be allowed for the 300 c.c. 
to run in. When the bulb is almost 
emptied, 50 or 75 c.c. of saline should 
be added, to wash out the tube and 
vein. 11. L. Arnold (Jour. Mich. 
State Med. Soc., April, 1913). 

The writer compares the results of 
2 methods of administering arseno- 
benzol in 189 cases. The 89 cases 
treated by the concentrated course 
and the 100 cases treated by the pro- 
longed course show the advantage to 
be with the prolonged course, because 
the reactions were less severe and the 
Wassermann became negative in more 
cases and with smaller d6ses, espe- 
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cially in secondary syphilis. H. E. 
Gibson (Brit Med. Jour., Jan. 24, 
1920), 

A certain widely distributed brand 
of so-called pure gum rubber tubing 
seems to contain, when new, a toxic 
agent responsible for a definite type 
of reaction' following the intravenous 
administration of arsphenamine, and 
possibly also of alkaline solutions 
and transfusion mediums. The toxic 
substance gradually disappears from 
the tubing on use. It is not destroyed 
by the ordinary sterilization by boil- 
ing, is insoluble in w^ater, and is not 
apparently associated with the me- 
chanically removable debris from the 
inner surface of the tube. It is ap- 
parently removable by soaking the tubing 
for 6 hours in normal NaOH solution 
and rinsing. The reaction induced by 
this toxic agent consists of chills com- 
ing on from 30 to 60 minutes after 
injection, with nausea, vomiting, diar- 
rhea, a sharp rise in temperature, 
headache and lumbar cramps. Stokes 
and Busman (Jour. Amer. Med. 
Assoc., Ixxiv, 1013, 1920). 

The distilled water used for mak- 
ing the solutions .should have been 
redistilled and then sterilized not 
longer than a day before the injec- 
tion. The neck of the phial contain- 
ing the salvarsan may be asepticized 
by wiping with absolute alcohol, and 
the phial opened with the aid of a 
file previously sterilized in the flame 
of an alcohol lamp, but allowed 
partly to cool down. 

The principal precautions to be ob- 
served in the administration of neo- 
arsphenaminc are: (1) Only a single 
ampule should be dissolved at a time. 
This drug must not be dissolved in 
bulk to be given to a series of pa- 
tients. (2) Cold water only should be 
used. (3) The dilution should be not 
stronger than 0.1 Gm. ( 1^4 grains) of 
the drug in 2 c.c. (32 minims) of 
freshly distilled water. (4) A very 
small needle should be used, and in- 
jection take not less than 5 minutes. 


U. S. Public Health Service (Reports, 
May 23, 1919). 

Laxness in following the printed 
directions that accompany each am- 
poule of arsphenamine accounts for 
the greater number of reactions to 
treatment. One should note any de- 
parture from the normal lemon color 
of the brand of arsphenamine being 
used, and then immerse the ampoule 
in 95 per cent, alcohol for 15 minutes 
to detect obscure cracks. Cracked 
ampoules are to be rejected. Using 
the directed technique for one brand 
of arsphenamine while preparing the 
solution of another will, in some 
cases, cause reactions. Giving too 
large a dose of arsphenamine at the 
beginning of a course accounts for some 
reactions. Lack of preliminary pre- 
paration for a treatment — a laxative 
the night before and a light breakfast 
4 or 5 hours before — is sometimes 
the cause. When 2 or more reactions 
occur from a multiple ampoule solu- 
tion, in the majority of instances the 
fault will be found in the technique 
of preparing the solution, and the 
usual cause will probably be hypoal- 
kalinity. Factors attributable to the pa- 
tient, after both arsphenamine and the 
technique of preparing the solution 
have been excluded, include allergic 
idiosyncrasy, an inherited dominant 
susceptibility to arsphenamine medica- 
tion; anaphylaxis, protoplasmic sen- 
sitization from repeated doses; blood 
synthesis reactions, in which arsphen- 
aminc becomes altered or precipitated 
from causes not understood, or as- 
cribed to excess of carbon dioxide in 
the blood, or faultily prepared ars- 
phenamine solutions ; and the nitrit- 
oid reaction ascribed to the action 
of arsphenamine in destroying spiro- 
chetes and liberating large quantities 
of bacterial protein to which the tis- 
sues have become sensitized. J. F. 
Martin (Jour. Amer. Med. Assoc., 
May 1, 1920). 

The needle employed for the injec- 
tion should be of fairly large caliber, 
and preferably of platinoiridium or 
tantalum. Its point should be short 
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beveled, to diminish the risk of punc- 
turing the vessel after the needle has 
once been inserted into it, but should 
also be very sharp, so that introduc- 
tion through the skin wdll not require 
too much pressure. 

N eoarsphenamin, dissolving readily 
in water to form a neutral solution, 
is prepared for injection by simply 
pouring into a sterile beaker 25 c.c. of 
freshly redistilled and sterilized water 
for each 0.1 or 0.15 Gm. of drug to be 
given, dropping the remedy in, and 
allowing it to dissolve, without stir- 
ring or shaking. Any turbidity re- 
maining at the end of ten minutes 
means that the amount of water is in- 
sufficient. More fluid having been 
added, a clear solution will be formed 
provided the water is itself free of 
solid particles. Neoarsphenamin be- 
coming rapidly oxidized on exposure 
to air, greater care is required to pre- 
pare the solution immediately before 
u.se than in the case of old salvarsan. 
Neoarsphenamin solution at body tem- 
perature should not be used, the water 
being heated, if unusually cold, only 
sufficiently to bring it to ordinary 
room temperature, before the neoars- 
phenamin is dissolved in it. The solu- 
tion should at no time be agitated, 
as this favors oxidation. The same 
forms of injection apparatus are used 
as with arsphenamin. If scrupulous 
care is paid to the technique, most 
patients suffer no discomfort what- 
ever from the injection, though some 
complain of a transitory metallic 
taste, and occasionally there is slight 
headache two or three hours later. 

Emery observed fever after only 
3 out of 600 injections of neo- 
salvarsan. 

In infants, injections of neosalvarsan 
into the external jugular, epicranial, or 


dorsalis pedis veins were successfully 
performed by the author in 100 cases. 
All injections were made without in- 
cision. Neosalvarsan was dissolved, 
whatever the dose, in 2 c.c. (16 
minims) of twice distilled water. 
Three assistants were found necessary 
— 2 to immobilize the head and trunk 
respectively (the child being also 
wrapped in a blanket), and the third 
to disinfect the field, etc. For injection 
in the external jugular, the child’s cry-- 
ing efforts suffice to distend the vein. 
The needle, with barrel filled and at- 
tached, can usually be inserted easily 
into the vein. Blechmann (Paris mcd., 
Jan. 31, 1914). 

The increasing use of neoarsphenamin, ac- 
cording to Schamberg (Pa. Med. Jour., 
Jan., 1922), is due to the fact that it is better 
tolerated and distinctly safer. It is possible 
to cure virtually all cases of primary sero- 
negative syphilis with the arsphenamins 
alone. A high pcrc^i»<^age of cases of 
secondary syphilis can be cured by weekly 
injections of arsphenamin or neoarsphen- 
amin alone. Ten injections of arsphenamin 
appear, in general, to be equivalent to about 
15 of neoarsphenamin. The majority of pa- 
tients will tolerate 2 doses of 0.9 Gm. neo- 
arsphenamiii for 2 weeks and then once a 
week for 8 or 10 weeks, or longer. In pri- 
mary syphilis, generalization of the infection 
may take place even though the Wassermann 
does not yield a positive reaction. Second, 
and at times third, courses arc therefore 
advised. 

Since the lead salts, alkaline sili- 
cates, calcium bicarbonate, magnesia, 
copper, etc., that may occur in dis- 
tilled water prepared in unsuitable 
apparatus have proven responsible for 
some of the untoward effects noted 
after injections, Ravaut simplifies 
matters by administering neosalvar- 
san in the smallest possible quantity 
of water that will not produce he- 
molysis (through hypertonicity of the 
neosalvarsan solution), thus render- 
ing unnecessary special precautions in 
the preparation of the water. 
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The author has recently been in- 
jectiiij^ as much as 0.9 Gm. of nco- 
salvarsan dissolved in 'only 8 or 10 
c.c. of distilled water. With this pro- 
cedure, the neosalvarsan itself sup- 
plies the required isotonicity with the 
blood instead of sodium chloride. 
Distilled w'ater prepared several weeks 
before and kept in ampoules of the 
highest quality glass can be u.sed 
directly without causing any systemic 
reaction. The solution is prepared 
after the constricting band has been 
applied to the i)atient’s arm and the 
skin cleansed with alcohol. The drug 
is merely dropped into the water, and 
the solution drawn up into the glass 
syringe through a special glass tube 
containing a small wad of cotton for 
purposes of filtration. The needle 
is then adapted to the syringe, air 
driven out, and the injection at once 
given. All rubber tubing is thus 
eliminated and a more strict asepsis 
rendered possible. The whole pro- 
cedure of preparation and injection 
occupies only two minutes. The 
author has given 420 such injections 
without the least untoward result. 
Ravaul (Presse med., April 2, 1913). 

Necessities of military practice led 
the author to simplify his technique as 
follows: A 2-c.c. (32 minims) glass 
syringe, good hypodermic needle, and 
a little absorbent cotton are boiled for 
15 minutes in water as clean as is con- 
veniently procurable. Then, compress- 
ing the cotton on the bottom of the 
receptacle with the outlet of the syringe, 
water is slowly drawn up, filling the 
latter. The syringe is allowed to cool 
completely, as warm water decomposes 
arsenobenzol. The cooling is acceler- 
ated by dropping ether on the syringe 
barrel. The vial containing the drug 
is then opened and the water pro- 
jected into it drop by drop, the vial 
being meanwhile shaken. When the 
drug is completely in solution the fluid 
is drawn up into the syringe through 
the needle, and the intravenous injec- 
tion given slowly. Doses of 0.3 to 0.9 
Gm. of neoarsenobenzol were found 
to dissolve perfectly in the small 
amount of fluid, and were well toler- 


ated provided due rapidity of prepara- 
tion and slowness of injection were 
observed. P. Ravaut (Presse med., 
Oct. 11, 1915). 

Preparation of Patient for Injection 
and After-treatment . — Some surgeons 
advise that where, as is usually the 
case, the volume of salvarsan solution 
introduced is al)out 250 c.c., and saline 
solution is employed in addition, the 
patient’s blood-pressure should be 
lowered by the administration of an 
aperient on the evening before injec- 
tion, so that the circulation will not 
be overloaded with fluid by the injec- 
tion. The patient should have only a 
light breakfast on the morning of the 
injection, though after it ordinary 
meals may be taken unless fever ot- 
curs, when a milk diet sliould be tem- 
porarily imposed. 

Rest in the recumbent position for 
at least two hours should be advised 
after injection. 

The patient should not take solid 
food for 3 or 4 hours before the in- 
jection, and it is advisable to order 
an aperient, such as magnesium sul- 
phate, the previous night. The 
author finds the “concentrated” 
method of giving neoarsenobenzol 
superior in every way to the “dilute” 
method. There are seldom any 
symptoms of reaction. He generally 
gives a preliminary course of 6 in- 
jections of 0.6 Gm. at intervals of a 
week, increasing the dose to 0.9 Gm. 
if necessary, with due regard to con- 
traindications. In middle-aged pa- 
tients, it is advisable to begin with 0.3 
or 0.45 Gm., and prolong the intervals 
between administrations to a fortnight 
or more. 

Ten or 12 weekly intramuscular in- 
jections of mercury are given simul- 
taneously. A course of potassium 
iodide is then given, followed by 
mercury by the mouth for another 3 
months. S. E. Dore (Pract., Oct., 
1918). 
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Phlebitis and thrombosis in the 
injected vein should be carefully 
watched for; if trouble of this nature 
arises, the limb should be kept abso- 
lutely at rest and fomentations of 
lead-water and laudanum applied. 

Importance of investigating the 
circulatory system previous to the 
administration of salvarsan empha- 
sized. The blood-pressure should be 
estimated; if such pressure is high, 
180 or over, then one should care- 
fully observe the patient for some 
time before administering the drug. 
If he is plethoric, it will do no harm 
to bleed him, removing at least an 
equal volume of blood to the total 
volume of salvarsan Sf}lution — about 
250 c.c. 

A differential blood-count should 
be made before and after using sal- 
varsan, for it will give much informa- 
tion should complications arise. 

The urine should be observed for a 
couple of days after salvarsan; some 
patients may show a trace of albumin 
that is transient and rat) idly disap- 
pears, while others will complain of 
highly colored urine for several days, 
which is due to urobilin. J. T^. Boehm 
(Amer. Pract., Aug., 1912). 

The writers have given 3150 injec- 
tions of neosalvarsan or novarseno- 
benzol Billon, dissolved in an amount 
of water nev^er exceeding 2 c.c. No- 
varsenobenzol dissolved very quickly 
upon addition of the water to the 
drug contained in the ampoule. Neo- 
salvarsan did not dissolve so read- 
ily, and care should be taken to dis- 
tribute it in a thin layer over the 
lateral walls. Distilled water was 
used to make the solution, but when 
not available, boiled filtered water 
was used without any untoward re- 
action. The concentrated solution is 
well borne, and the authors have ob- 
served no vein irritation. Paire and 
Marsia (Presse med., xxii, 221, 1917). 

Intramuscular Method. — Intramus- 
cular injections are given either in the 
buttock, in the lumbar region, or in 


the trapezius muscle. More or loss 
pain gencrajly follows, and this route 
is tlierefore less acceptable from the 
patient’s standpoint tlian the intra- 
venous. In sfniie cases, moreover, 
the drug becomes more or less com- 
pletely encai)sulated and, as a result, 
is only partially al)sorbed. 

The gluteal mti.sclcs have been 
most used for intramuscular injec- 
tions. The upper outer quadrant is 
best. Another site is the extensor 
spin,T muscle in the lumbar region. 
Meltzer has advocated the use of this 
region because ahsori)tion is more 
rapid, pain is less, and no large 
nerve-trunks can l)e involved: Place 
the patic'nt face downward on the 
bed, draw a line between the poste- 
rior superior iliac st)incs, select a 
point al)out half an inch above this 
line and one to one and one-half 
inches from the midline. Insert the 
needle (wdiich should he al)oi]t three 
inches long) at right angles to the 
long axis of the body until it has 
passed through the dense lumbar 
aponeurosis, which can he easily 
felt. After the needle is well in the 
muscle, turn it parallel to the long 
axis of the body and toward the ribs, 
and insert it nearly to the base. H. 
F. Swift (N. y. State Jour, of Med., 
June, 1911). 

The writer warns against incising 
the toxic edema sometimes resulting 
from intramuscular salvarsan injec- 
tions. Incision is indicated if an 
obvious abscess forms, when acute 
pain is noted. Alternate hot and cold 
applications give much relief. The 
redness whicli appears with the swell- 
ing quickly disappears under the fol- 
lowing lotion: — 

B Plumbi subacetatis gr. x (0.6 Gm.). 

Aqua* ammoniac 

fortioris r\iv (0.3 c.c.). 

Alcolwlis 5j (4 C.C.). 

Liquoris altunim 
acetatis (N. F.) .5iij (12 c.c.). 

Aqua* q. s. 5j (30 c.c.). 

M, ft. lotio. J. E. R. McOonagh (N, 
Y. Med. Jour., May 3, 1913). 
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The remedy may be given (a) in an 
alkaline solution such as that used for 
intravenous injection; (b) in a neu- 
tral suspension ; (r) in oil. 

The alkaline solution may be pre- 
pared in the same manner as has al- 
ready been described with the excep- 
tion that only enough water is added 
to make 20 c.c., though some surgeons 
use 40 c.c. 

Another estimable plan is first to 
place the salvarsan in alcohol (ethyl) 
— 0.5 c.c. for each 0.1 Gm. of the pow- 
der, add 20 c.c. of warm sterile water, 
stir with a glass rod until the drug is 
wholly in solution, then add, while 
mixing, 1 c.c. of a decinormal (4 per 
cent.) solution of sodium hydroxide 
for every 0.1 Gm. of salvarsan. 

Pain and induration from salvarsan 
injections are due to the sodium hy- 
drate. The author now uses a 2 per 
cent, solution of sodium hydrate. He 
first puts the 0.6 Gm. of salvarsan in 
a 2S-C.C. graduated cylinder, and dis- 
solves it in 8 or 10 c.c. of hot water. 
The sodium hydroxide is then added 
in stpall quantities until a clear solu- 
tion is obtained, care being taken not 
to add any sodium hydrate in excess. 
Hot water is then added in sufficient 
quantity to bring the total solution 
up to 20 c.c.; 10 c.c. of this solution 
are injected deeply into the buttocks 
on either side. Great care should be 
used to keep the injected fluid out of 
the adipose tissue. The sodium hy- 
drate solution should be sterilized be- 
fore each injection. B. C. Corbus 
(Jour. Amer. Med. Assoc., April 29, 
1911). 

Intramuscular injections of acid re- 
action exert a more continued effect 
than intravenous medication, which, 
though more convenient and painless, 
permits rapid excretion of the drug. 
The intramuscular introduction is 
advisable where contraindications 
(heart lesions, cerebral lesions) ex- 
ist. P. Ehrlich (Miinch. med. Woch., 
Nov. 21, 1911). 


The author has given intramuscular 
injections of neosalvarsan in a dilu- 
tion as high as 30 c.c. of water per 0.1 
Gm. and noted severe pain and local 
swelling following. The pain seems 
to vary in proportion to the amount 
of fluid used, and as a dilution of 5 
to 10 c.c. causes much less pain and 
local swelling, and does not increase 
the local or general toxic effects, the 
author employs that degree of con- 
centration. The injections are made 
in the gluteal or lumbar regions, usu- 
ally half in each side. The part is 
previously sterilized by painting with 
tincture of iodine. The author gives 
four injections of 0.9 Gm. at weekly 
intervals. 

After about twenty-four hours 
there develops at the site of injec- 
tion an induration, which usually is 
not tender to touch, or an edema, 
which is painless and pits upon pres- 
sure. This lasts for a few days and 
gradually disappears. If desired, the 
pain can be lessened by an injection 
about five minutes previously of 
novocaine or alypin solution. Rytina 
(N. Y. Med. Jour., June 29, 1921). 

Arsphenamin compounds dissolved in 
serum dialyze less rapidly than in salt 
solution. But the difference is not 
sufficient to disprove their disappearance 
' from the blood by simple diffusion into 
the tissues. Schreus and Wider 
(Klin. Woch., May 14, 1925). 

A neutral suspension of salvarsan is 
likely to produce less pain than an al- 
kaline solution. It is made by adding 
to the salvarsan just enough sodium 
hydroxide to neutralize the two hydro- 
chloric acid molecules in combination 
with it; the resulting free base is 
insoluble and can therefore only be 
given in the form of a suspension or 
emulsion. The necessity of adjusting 
the preparation to the neutral point 
renders this method more difficult to 
carry out than that with an alkaline 
solution. The salvarsan is mixed in a 
mortar with 1 c.c. of a saturated so- 
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dium hydroxide solution and the 
product dissolved in 4 c.c. of hot 
water. Three drops of a solution of 
phenolphthalein in alcohol are then 
dropped in. Glacial acetic acid is next 
added in successive drops until the 
preparation changes in color from red 
to yellow, and, finally, one or more 
drops of the sodium hydroxide solu- 
tion added until a pink color again be- 
gins to appear. 

A simpler method of preparing the 
neutral emulsion is that of Citron, 
who adds to the salvarsan 1 c.c. of 
absolute alcohol and 5 c.c. of hot 
water, and stirs until complete solu- 
tion has been eflfected. Finally, 40 
drops of a 10 per cent, solution of 
potassium bicarbonate are mixed in, 
and the preparation gently agitated 
with a glass rod until a very fine sus- 
pension or emulsion results. 

Oily preparations of salvarsan are 
still advised by some, though it seems 
to be the opinion of many that the 
therapeutic eflfects are less marked 
than with the alkaline solution. Some 
claim it as an advantage, on the other 
hand, that the subsequent pain is 
relatively slight. Various menstrua 
have been recommended. Kromayer 
rubs up the drug with paraffin oil 
(liquid petrolatum) so that every 1 
c.c. will contain 0.1 Gm. of the rem- 
edy, and administers fractional doses 
of 0.1 to 0.2 on alternate days; he 
asserts that if the injections be made 
slowly, pain and swelling will rarely, 
if ever, follow. Burke gives the drug 
in an olive-oil mixture containing 
10 per cent of anhydrous wool-fat; 
enough of the menstruum is rubbed 
up with the salvarsan to make a mix- 
ture that will pass through the needle, 
and 4 or 5 drops of the U. S. P. 5 per 
cent,^ sodium hydroxide solution then 


added, breaking down the lumps so 
that the emulsion becomes a soft 
mass. Lydston suspends the salvar- 
san in from 3 to 6 c.c. of 10 per cent, 
iodized oil of sesame. 

Hazen employs an oil of the fol- 
lowing composition: — 

B Camphorcc, 

Guaiarolis aa 5ss (2 Gm.). 

Petrolati liquidi,q.s.inl 5j (30 c.c.). — M, 

Just enough of the oil is used to 
make a fine, smooth emulsion — usu- 
ally about 5 c.c. — the salvarsan being 
first placed in the mortar, previously 
boiled and allowed to dry, and the oil 
then added drop by drop, the mixture 
being meanwhile carefully ground. 

The technique of an oily injection 
is simple. All that is needed in addi- 
tion to the oil and salvarsan is a suit- 
able syringre and a small mortar and 
pestle. A 5-c.c. syringe may be used, 
but one in which the end of the plun- 
ger is cut off square, and not round, 
as in the latter case some of the 
emulsion may work up between the 
plunger and barrel of the syringe and 
jam. The portal of exit of the syringe 
should be large, and a needle of from 
17 to 20 gauge used. About 0.5 c.c. 
of air is injected along the needle so 
as to prevent the oil from escaping 
into the subcutaneous tissues. The 
injections may be made into either 
the gluteal or lumbar muscles. A 
small injection of 0.3 Gm. gives even 
less trouble than a full injection; so 
it is wise to give two half-doses at 
one sitting rather than a full dose. 
The results have been about the same 
as with the other types of intramus- 
cular injection; most of the second- 
ary skin manifestations and all the 
mucous patches, condylomata, and 
throat ulcerations cleared up speed- 
ily, while some of the tertiary lesions 
did very well and some were unin- 
fluenced. Hazen (Wash. Med. An- 
nals, Sept., 1912). 

In executing any of the intramus- 
cular or subcutaneous procedures, due 
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aseptic precautions should be taken, 
the syrinj^e and needle bein^ boiled, 
sterile receptacle"^, includinj[j^ the mor- 
tar and pestle, used, and the skin dis- 
infected. AN'hcrc an oily prepara- 
tion is to be used, a needle of wide 
caliber — 17 to 20 R:aui:!:c — must 
be eniploN’cd, and both the syrin.t;e- 
body and the needle must be abso- 
lutely dry. Tfa/en advises that after 
beiipqf boiled they be cleaned with al- 
cohol and ether, or, better, that they 
be sterilized by dry heat. The prep- 
aration t(') be injected should always 
be freshly made, as sah^arsan be- 
comes partly oxidized on standini^', 
with the formation of more toxic 
derivatives. 

Great care is to be taken, in inject- 
inj:y an (n*ly preparation or suspension, 
that none of the fluid ^qcts into a vein. 
The simplest })lan is, after insertin^^ 
the needle, to wait a short period be- 
fore conncctiiyq" the syriiii^e-barrel 
with it, to see if any blood exudes. 
Burke recommends that one syrin,£^c 
be half-filled with the oily men- 
vStritum unmixed with salvarsan, and 
the piston be drawn upon, makini:;^ 
suction on the oil. If a vessel has 
been punctured the oil will be blood- 
stained, in which case the needle 
should be taken out ; if it is not, the 
first syringe is detached and replaced 
by another containing the salvarsan 
mixture. After the injection is fin- 
ished the salvarsan syringe may be 
replaced by the pure-oil syringe and a 
little oil injected, to avoid leaving a 
trail of salvarsan along the needle- 
track. The needle should be with- 
drawn quickly, pressure being made 
at the same time over the site of in- 
jection. 

N eosalvarsan may be given intra- 
muscularly either in sterile water, 


saline solution, or glycerin. Theo- 
retically, it should be superior to sal- 
varsan owing to the fact that a neu- 
Iral solution can be administered. 
Nevertheless neosalvarsan injections 
have proven decidedly irritating, caus- 
ing transitory pain, inflammatory 
swelling and edema at the point of 
introduction. As in the case of sal- 
varsan, therefore, intravenous admin- 
istration of neosalvarsan is preferred 
by nearly all who have used the two 
methods. TTazen himself prefers the 
intravenous route to the oily injec- 
tions. For intramuscular injection a 
solution in 5 to 10 c.c. of sterile water 
is most employed. The use of 0.4 or 
0.5 per cent, saline solution is disad- 
vantageous in that turbidity results, 
and according to Schreiber the prep- 
aration becomes more toxic. Absorp- 
tion of neosalvarsan is more rapid 
than with salvarsan, and less local in- 
duration is caused. 

The authors trcatefl 2 parallel 
series of eases of syphilis, the 1 with 
intravenous injections of salvarsan or 
its substitutes, tlie other with deep 
subcutaneous or intramuscular injec- 
tions of neosalvarsan or its substi- 
tutes, and found the subcutaneous or 
intramuscular method distinctly more 
efficient than the intravenous in both 
primary and secondary stage cases, 
though slightly better results seemed 
to follow the intravenous method in 
tertiary cases. Hypodermic admin- 
istration was decidedly more effective 
than intravenous in producing a nega- 
tive Wassermann reaction. The drug 
being more slowly absorbed and 
eliminated, the tissues are kept 
effectively saturated. The alarming 
side actions are almost wholly ab- 
sent. To obviate pain neosalvarsan 
is best given subcutaneously or in- 
tramuscularly in a solution of 0.6 
Gm. (10 grains) in 1 c.c. (16 minims) 
of 4 per cent, stovaine, to which 1 c.c. 
(16 minims) of creocamph cream is 
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added and the whole well shaken. The 
solution is prepared in the syringe. 
Harrison, White and Mills (Brit. Med. 
Jour., May 5, 1917). 

Subcutaneous Method. — ^The pain 
and local necrosis caused by subcu- 
taneous injections of salvarsan are so 
marked that this procedure has been 
largely abandoned. Neosalvarsan was 
found by McIntosh and Fildes to 
be practically painless when injected 
only in the dose of 0,1 Gm., but ne- 
crosis of the subcutaneous tissues 
nonetheless resulted. The epifascial 
method of W. Wechselmann is a 
modified subcutaneous ])roce(lure by 
virtue of which the difiiculties referred 
to are partly obviated. 

Although experience with ar.sphenainin 
and its congeners has led to the well-nigh 
universal use of the intravenous method in 
preference to all others, a few observers are 
still disposed to lay stress on certain as- 
serted advantages of the subcutaneous route. 
Thus, according to Minet and Legrand 
(Rev. do nied., Apr., 1922), subcutaneous 
injections of neosalvarsan arc advantageous 
in being simple, in producing no shock, 
syncope, nor late reactions, and in permit- 
ting the use of relatively large quantities of 
the drug. They are made on the outer 
aspect of the thigh, in the trochanteric 
region and over the fascia lata. The needle 
must be moved about in order to make cer- 
tain that it is perfectly free. Its point must 
be in the subcutaneous fat. The neo.salvar- 
san must be dissolved in not more than 0.5 
to l.S c.c. of the solvent, and the injection 
must be made rapidly, to avoid oxidation 
and consequent pain. Glucose and phenol, 
in solution, constitute the solvent. These 
WTiters have injected as much as 0,45 Gm. 
daily without untoward result. The usual 
dosage is 0.05, 0.10, 0.15, or 0.30 Gm. 
Fifteen daily injections are given, followed 
by 15 days’ rest. The arsenical treatment is 
coupled with mercury biniodide or ben- 
zoate. During the rest intervals, large 
doses of potassium iodide are also given. 
The results are asserted to have been 
highly gratifying. On the other hand, G. 
Milian (Bull, et mem. Soc. med. d. hop. de 


Paris, Feb. 9, 1922) has reported instances 
of serious and even fatal results following 
hypodermic injections of arsenobenzol, and 
maintains that .such injections are attended 
with the same risks as intravenous ad- 
ministration. 

Rectal Method. — This is doubtless 
a somewhat imperfect and probably 
uncertain mode of administration 
which should l)e employed only under 
exceptional conditions. The most 
])ronounced results are not to be ex- 
pected from it. 

Weill, Morel, and Mouriejuand 
have advised its ado])tion in children, 
in whom intravenous injections are 
not easily given, c.g., in cases of 
severe chorea, inherited syphilis, ane- 
mia, etc. 

In some children from 10 to 13 
years of age successive doses of 0.10, 
0.20, and 0.40 Gm. of salvarsan were 
given by rectum. The drug was pre- 
pared as though for intravenous in- 
jection, mixed with about 100 c.c. of 
0.5 per cent, salt solution and 5 or 10 
drops of laudanum, and slowly ad- 
ministered through a tube introduced 
as deeply as possible into the rectum. 
Care was taken to have the fluid re- 
tained at least four hours. In each 
case treated pronounced improvement 
was noted. Barring emergency cases, 
rectal administration is the method of 
choice for giving salvarsan to children, 
since along with sufficient activity of 
the drug there is an entire absence of 
unpleasant reactions, local or general. 
Weill, Morel, and Mouriquand (Lyon 
med., July 7, 1912). 

When mercury fails, or exception- 
ally prompt action is necessary, giv- 
ing arsphenamin by the enteroclysis 
method offers superior advantages in 
children. The author u.ses a 20-c.c. 
syringe and small Nelaton catheter. 
The bowels are emptied first, when 
possible, and the child constipated 
with paregoric, or 1 or 2 drops of 
laudanum are added to each injection. 
Notwithstanding large doses, there 
was never any appreciable reaction, 
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and soon marked improvement was 
apparent. The children were given 
usually about 6 intrarcctal injections 
of closes of from 0.05 to 0.1 Gin. (')4 
to IK' grains) at 5- or 8* day inter- 
vals. The injection was generally 
retained from 6 to 8 hours. S. Araujo, 
Jr. (Brazil-Medico, Aug. 3, 1918). 

Intrarectal administration of ars- 
phenamin or neoarsphenamin rec- 
ommended in cases in which the in- 
travenous method is not possible or 
requires the exposure of a vein by 
incision. The drug is prepared as 
for intravenous injection, but only 25 
to 50 c.c. (6% to 12K drams) of fluid 
arc used for neoarsphenamin and 
about 100 c.c. (v3% ounces) for ars- 
phenamin. The patient is put to 
bed and the solution run into the 
rectum slowly, over a period of about 
10 minutes. The patient is encour- 
aged to retain the injection, and the 
hips may be elevated or the foot of 
the bed raised to facilitate retention, 
especially in children. A cleansing 
enema may be given before the injec- 
tion, but is not always necessary. 
The injections can be given every 3 
days, the full dose of 0.9 Gm. of neo- 
arsphenamin and 0.6 Gm. of arsphen- 
amin being used for adults and one of 
0.1 Gm. for each 25 pounds of body 
weight for children. Boyd and Joseph 
(Jour. Amer. Med. Assoc., Aug. 17, 
1918). 

The night before an injection the pa- 
tient is given a mild laxative, and next 
day takes one light meal. A copious 
tepid irrigation is given, followed by 
a pill of 0.01 Gm. of opium. The 
novarsphenobenzol is dissolved in 50 
c.c. of freshly distilled water and in- 
jected with a sterile glass syringe and 
catheter. Grajewski (Urol, and Cut. 
Rev., Jan., 1919). 

Administration by the rectum was 
studied in 8 children, 0.3 to 0.6 Gm. of 
neoarsphenamin being used. Arsenic 
appeared in the urine to the extent of 
0.15 to 0.34 per 1000, as compared to 
2.53 per 1000 after a dose of 0.15 Gm. 
given intravenously. Retention of the 
enema is, of course, a prerequisite to 
absorption, and opium seemed of little 


assistance in this connection, Noeg- 
gerath and Reichle (Arch. f. Kinderh., 
July 21, 1923). 

Oral Method. — The oral route has 
been successfully used by Schamberg, 
Kolmer and Raiziss. 

One-half grain (0.03 Gm.) of ar- 
senobenzol in enteric capsules was 
given after each meal to about 30 pa- 
tients in various stages of syphilis. 
Usually it required about 3 weeks to 
cause disappearance of a secondary 
macular or papular eruption, but in 1 
case a large papular syphilide of the 
face disappeared in 3 or 4 days. 
Tertiary nodular lesions also required 
2 to 3 weeks. To prevent oxidation 
of the arsenobenzol in the capsule, 
sodium hydrosulphite was incorpor- 
ated with it, and a small amount of 
bismuth subgallatc added to prevent 
diarrhea. Inaccessibility of veins 
through excessive adiposity, thromb- 
osis of veins due to repeated injec- 
tions, or similar reasons preventing 
intravenous injections, justify oral 
use of salvarsan, which is also indi- 
cated as a supplementary treatment to 
intravenous use, to keep the drug con- 
tinuously supplied to the blood. In 
oral treatment of syphilis salvarsan is 
preferable to mercury. Schamberg, 
Kolmer and Raiziss (Jour. Amer. Med. 
Assoc., Dec. 23, 1916). 

Administration of arsphenamin by 
the mouth was tried out by the writer, 
0.4 to 0.55 Gm. being given every 2, 3 
or 4 days to a total of 2 to 6 Gm. The 
treatment, however, proved unreliable. 
A. Renault (Bull. Soc. med. des hop., 
Mar. 9, 1923). 

Intraspinal and Intracranial Meth- 
ods. — In treating the late manifesta- 
tions of central nirvous syphilis, direct 
application of the remedy to the nerv- 
ous tissues has seemed desirable. 
Injection of neosalvarsan into the 
spinal canal has been tried, but fatal 
results occasionally followed. 

An improved method is the in- 
traspinal injection of salvarsanized 
blood-serum introduced by Swift and 
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Ellis. An intravenous injection of 
neosalvarsan is given, and blood with- 
drawn from the patient an hour later. 

As described by another observer 
who used salvarsan instead, as soon 
as the blood is withdrawn the fibrin 
is whipped out and the blood diluted 
with an equal amount of physiologic 
salt solution. This is left in the ice- 
box over night, the serum removed 
the following day and heated at 56® 

C. for to 1 hour. The intraspinal 
injection is made with an ordinary 
glass cylinder, a small rubber bulb 
being attached to the lowest arm of 
a glass T, so as to make slight pres- 
sure when needed. The interval be- 
fore withdrawal of blood was some- 
times shortened to ^2 or ^ hour. 
Thirty c.c. (1 ounce) of 50 per cent, 
serum was taken as the standard 
dose, an approximately equal amount 
of spinal fluid being withdrawn. The 
usual interval between treatments 
was 2 weeks. Six of 11 cases of 
paresis showed improvement. L. B. 
Pilsbury (Jour. Amer. Med. Assoc., 
Oct. 10, 1914). 

Intraspinous arsenobenzol treat- 
ment is attended with little or no 
danger if ordinary care is exercised 
in preparing the serum. Many late 
and apparently hopeless cases were 
arrested by this treatment. Arseno- 
benzol intravenously is very efficient 
in superficial nervous involvement 
manifested by headache, slight cran- 
ial nerve palsy, and luetic vascular 
conditions, but in the resistant affec- 
tions formerly termed metasyphilis, 
the intraspinal method, systematically 
and judiciously employed, is far 
superior. Ogilvie^s technique is used 
by the author, but the dosage never 
exceeds 0.5 milligram OA 2 grain), and 
is preferably limited to 0.3 milligram 
(V 20 grain). The serum should be 
used immediately, or certainly not 
later than 3 hours after its with- 
drawal. No spinal fluid is with- 
drawn unless it is under considerable 
pressure. The patient is kept in bed 
without pillows and with the foot of 
the bed elevated for 24 to 36 hours. 
The treatment is repeated until the 
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Wassermann is negative and the cell 
count and globulin normal. After 
apparent cure these tests should be 
renewed several times a year for a 
number of years; any slight positive 
tendency indicates further treatment. 
The author reports 6 cases, includ- 
ing 2 of early paresis, in which the 
treatment resulted in clinical and 
serological recovery. B. R. Tucker 
(Va. Med. Mthly, May, 1918). 

Of 14 cases of paresis treated by 
intracranial injection of salvarsanized 
serum, 5 improved enough to return 
to work, and were still well after 7 
to 11 months. At the end of 11 
months, 1 patient had a bad relapse, 
but he responded immediately to 
additional treatment. Wardner (Amer. 
Jour, of Insanity, Apr., 1916). 

Administration by way of the in- 
ferior turbinates is feasible. The solu- 
tion having been slowly injected into 
the spongy tissue of the turbinate, the 
needle is allowed to remain in situ a 
few seconds before withdrawal, after 
which a small tampon of iodoform 
gauze with petrolatum is applied to 
check the bleeding. The tampon is 
permitted to remain until the next day. 
Podesta (Semana med., July 24, 1924). 

Ext ern a 1 Application. — V arious 
kinds of ulcers, including those of 
syphilis, chancroids, Vincent’s angina, 
may be advantageously treated ex- 
ternally with a mixture of salvarsan 
or neosalvarsan and some bland sub- 
stance such as bismuth subnitrate. 

In a case of parenchymatous kera- 
titis energetic mercurial treatment 
had not prevented the extension of 
the process to the second eye. The 
author applied a little neosalvarsan 
in powder to one eye and instilled a 
few drops of a 2 per cent, solution 
into the second eye. The extension 
of the process was at once checked 
in both eyes and the cornea soon 
commenced to clear up. It may be 
of advantage to apply the neesalvar- 
san suspended in an oily solution of 
atropine, as decomposition of the 
drug is prevented in this way. L. 
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Rosentneyer (Miinch. med. Woch., 
Nov. 5, 1912). 

Observations indicating how the 
untoward effects of salvarsan, when 
locally applied, can be avoided: Mix 
the conipriiind with liquid petrolatum 
in the proportion of 1 part of salvar- 
san to 10 of petrolatum. The best 
results were obtained by using neo- 
salvarsan in the same manner. It 
seemed to produce less irritation 
than salvarsan and not to coagulate 
albumins. It penetrates more ener- 
getically the pathological tissues. 
Cicatrization of soft chancre was 
found to occur very rapidly at first, 
the healing process then becoming 
less active. Nevertheless, even large, 
soft phagedenic processes yielded in 
from six to twelve da^^s. Meliin 
(Thc^se de Paris, 1913; N. Y. Med. 
Jour., April 5, 1913). 

CONTRAINDICATIONS. — Sal- 
varsan is usually contraindicated in 
the presence of severe non-syphilitic 
visceral diseases, especially those af- 
fecting the heart, kidneys, and liver. 
In cases of aneurism, the injection of 
the remedy is considered hazardous, 
though certain French clinicians have 
used salvar.san in this condition with 
asserted good results. Well-compen- 
sated valvular lesions in young sub- 
jects do not contraindicate it. In 
syphilitic myocarditis there is some 
risk, but good results may be ob- 
tained with small doses. Arterio- 
sclerosis is a relative contraindication, 
more particularly where the intra- 
cranial vessels are involved, as the 
rise of intracranial pressure and local 
reaction produced may lead to hemor- 
rhage. 

Syphilitic aortitis complicated with 
heart-muscle degeneration — especially 
the triad, syphilitic aortitis, sclerosis 
of the coronary arteries and myo- 
carditis — ^forms an absolute contra- 
indication against the use of salvar- 
san. Angina pectoris without com- 


plication of heart muscle is most 
favorably influenced by salvarsan. K. 
Martius (Miinch. med. Woch., May 
16, 1911). 

Salvarsan is chiefly indicated where 
changes in the heart muscle are still 
reparable and slight. In the tertiary 
stage, bradycardia would be an ab- 
solute contraindication, while with 
tachycardia a cicatrix may not yet 
have formed, so that the chief lesion 
is still a gummatous infiltration. Tt 
must be remembered, however, that 
the rapid absorption of gummatous 
tissue may leave a weak spot in the 
walls of the heart which might rup- 
ture. Salvarsan is absolutely con- 
traindicated in acute rheumatic en- 
docarditis, severe non-specific myo- 
carditis, and severe cardiac compli- 
cations of kyphoscoliosis, Basedow's 
disease, goiter, emphysema, lung af- 
fections, non-specific arteriosclerosis, 
and nephritis. It is indicated, how- 
ever, in the early stages of lues, 
where the chief symptoms arc ar- 
rhythmias, tachycardia, palpitations, 
dyspnea, anginal symptoms, acciden- 
tal murmurs without endocarditis, 
aortic insufficiency, provided there is 
no pronounced dilatation or func- 
tional insufficiency. In tabes or gen- 
eral paresis with heart or arterial 
disease, the drug should not be em- 
ployed. M. Breitman (Berl. klin. 
Woch., Sept. 25, 1911). 

Albuminuria, if not marked, is nojt 
held to be a contraindication, as it 
may be due to the syphilitic infection, 
and be actually benefited by the rem- 
edy. Caution as to dosage is, how- 
ever, necessary in these cases. The 
presence of casts in the urine is a 
contraindicating circumstance. Dia- 
betes is likewise a contraindication, 
though sometimes glycosuria in syph- 
ilis is the result of syphilitic catarrh 
of the pancreas. Nixon, referring to 
the fact that the urine should always 
be examined before giving an injec- 
tion, advises that one make sure in 
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particular that the quantity secreted 
is normal, the specific gravity within 
healthy limits, and, above all, that the 
excretion of urea is sufficient. 

Where the liver is in a pathological 
state, salvarsan will tend to accumu- 
late therein more than if it is normal, 
and is likely to cause additional de- 
structive changes in the cells, whence 
acute yellow atrophy may develop. 
Catarrhal jaundice in early secondary 
syphilis is not a contraindication, but 
later, when jaundice is due to gum- 
matous formations involving the 
parenchyma, the drug should not be 
given (McDonagh). In debilitated 
alcoholics, or those suffering from 
cirrhosis, salvarsan should not be em- 
ployed. 

In syphilitic disease of the central 
nervous system, particularly where 
there are signs of cerebral or spinal 
meningitis, psychic disturbances, op- 
tic neuritis, or epilepsy, special cau- 
tion is necessary, and the dose given 
should not exceed one-half the usual 
amount. In cases of bulbar paralyvsis 
the drug had best be entirel}^ with- 
held. It is to be borne in mind that 
with large doses the reaction is much 
more marked than with small. Espe- 
cially at the beginning should the 
dosage be extremely guarded. Cases 
of general paralysis in which the 
diagnosis is obvious, late cases of 
tabes with negative Wassermann re- 
action, acute cases of cerebrospinal 
syphilis, and nervous disorders in 
congenital syphilis contraindicate .sal- 
varsan (McDonagh). 

Following contraindications to sal- 
varsan enumerated: (1) non-luetic 
diseases of the optic nerve and retina; 
(2) neuroses and organic diseases of 
the heart and blood-vessel.., (3) 
severe diseases of the lungs, except- 
ing tuberculosis if there is no hemop- 


tysis; (4) severe non-luetic nephritis 
and diabetes; (5) severe visceral lues, 
ulcers of the stomach; (6) advanced 
degeneration of the nervous system 
and alcoholism; (7) severe congeni- 
tal lues of the newborn; (8) febrile 
diseases of various kinds; (9) men- 
struation; (10") senile degeneration, 
non-luetic marasmus and cachexia. 
Stiilj) (Klin. Monatschr. f. Augen- 
heilL, March, 1911). 

Persons with abnormal functioning 
of the thyroid are peculiarly liable to 
show intolerance to arsphenamine. 
Frequently, attacks of diarrhea in' 
apparently healthy i)ersons were soon 
followed by tremor and restless irrita- 
bility; then came acceleration of the 
pulse and palpitations and — perhaps 
not until after a long interval — the 
thyroid began to enlarge and finally 
exophthalmos occurred. lie wary in 
ca.se of attacks of diarrhea without a))- 
parent cause, h'ebrile reaction develop- 
ing on the second day or later indicates 
intolerance. L. Lortat-Jacoh (Prog. 
Med., July 17, 1920). 

Cases of pulmonary tuberculosis in 
the third stage should not he given 
salvarsan, as hemoptysis might re- 
sult. Non-syphilitic epilej)sy contra- 
indicates salvarsan. Advanced age is 
also a con-traindication. 

Exclude from salvarsan treatment 
all those with depressed vitality from 
any cause other than syphilis, or who 
have signs of cardiovascular injury 
or kidney trouble, chronic poisoning 
from alcohol, nicotine or lead, or an 
infectious disease including florid 
syphilis itself. Especially dangerous 
are tuberculosis, severe gastro-intes- 
tinal disease and nervous affections 
with destruction of pathologic tissue. 
Luithlen (Thcrap. Monats., Jan., 1914). 

PHYSIOLOGICAL ACTION.— 

Our information on this subject is in 
a somewhat fragmentary state, the 
researches conducted having dealt 
chiefly with the lethal dose, the mode 
of elimination, the question of storage 
of salvarsan in various oirgans, and 
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its effects on the tissues from the his- 
tological standpoint. 

Toxicity. — Kochmann found that 
intravenous injections of salvarvsan 
in rabbits caused death only when the 
amount of elemental arsenic con- 
tained in the salvarsan introduced 
was 0.034 Gm., as compared with 
0.00456 to 0.0053 Gm. of sodium ar- 
senate. The toxicity of salvarsan is 
thus far lower than that of inorganic 
arsenicals. Kolmer and Schamberg 
found that salvarsan could be given 
by mouth in pills, capsules, or solu- 
tion, in mammals, in the dose of 0.02 
to 0.03 Gm. per kilogram of body 
weight without causing toxic symp- 
toms. A dog was thus given 0.57 
Gm. in the course of twenty-nine 
days without any disturbance re- 
sulting. 

Storage and Elimination. — Salvar- 
san remains in the circulation for 
some time after intravenous injection, 
as was shown by Abelin in 1912 in a 
series of 8 human cases. Possessing 
apparently a selective affinity for cer- 
tain tissues of the body, it — or some 
derivative — ^tends to collect in the 
liver and the kidneys. According to 
French investigators about three 
times as much arsenic is temporarily 
stored in the liver as in the kidneys. 
The question as to whether there is 
an affinity of the central nervous tis- 
sues for salvarsan, such that the drug 
might sometimes be directly respon- 
sible for untoward nervous phenom- 
ena in syphilis, has been fairly con- 
clusively settled in the negative. 
Morel and Hugounenq, while they 
noted an evident ‘‘neurotropic'' tend- 
ency in the case of arsenic acid, failed 
to find it with salvarsan. Beck, from 
experiments on mice, reached the 
conclusion that salvarsan exerts no 


toxic effect upon the nerves of the 
head, including the auditory nerve. 

Several cadavers of individuals dying 
of intercurrent affections from two 
weeks to several months after injection 
of salvarsan examined. In one cadaver 
two weeks after injection 6.5 mg. of 
arsenic was found in the liver; 3.1 mg. 
in the kidneys, and 1.8 mg. in the 
spleen. Bornstein (Deut. med. Woch., 
Jan. 19, 1911). 

Cerebrospinal fluid examined in 17 
cases of syphilis to each of which 0.6 
Gm. of salvarsan w^as given intraven- 
ously. The fluid was withdrawn at 
intervals of from fifteen minutes to 
forty hours after the injections. Doses 
up to 0.6 Gm., or perhaps more, do not 
ordinarily result in the presence of any 
arsenic in the cerebrospinal fluid. 
Arsenic is present in the fluid prac- 
tically only when the dose is so large 
or so frequently repeated as to cause 
a meningoencephalitis, which is some- 
times of a fatal character. Camp 
(Jour. Nerv. and Mental Dis,, Dec., 
1912). 

Experimental study in which the 
amounts of arsenic found in the brain, 
including the cerebellum, medulla, and 
crania] nerve-roots, after salvarsan, 
were no greater than in untreated 
animals, though in one instance the 
combined medulla and spinal cord 
showed a slight excess. Almost ‘al- 
ways large amounts — up to 0.14 per 
cent. — were found in the liver. The 
kidneys contained only a relatively 
small amount, sometimes only a trace. 
The bile and heart, in the one in- 
stance in which they were examined, 
showed 0.2 per cent, and 0.083 per 
cent., respectively. Mouneyrat had 
concluded that salvarsan was distinctly 
neurotropic. Morel and Mouriquand 
(Lyon med., Feb. 9, 1913). 

About 54 of the arsphenamin given 
intravenously leaves the blood stream 
in a few minutes after completion of 
the injection, and the remainder is 
rapidly reduced in amount, though 
traces may still be found after 24 
hours. The drug is stored in the liver, 
spleen, kidneys, lungs, and cardiac and 
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skeletal muscle. There is evidence 
that already 3 hours after injection the 
amount of the drug has been ap- 
preciably reduced by alteration, excre- 
tion or both. The liver is a more im- 
portant excretory organ for arsphen- 
amin and neoarsphenamin than the 
kidney. The brain shows a much 
lower concentration than any other 
organ. The cerebrospinal fluid during 
the first 24 hours, if it contains the 
drug at all, does so only in minute 
concentration. Kolls and Youmans 
(Johns Hopk. Hosp. Bull., June, 1923). 

When injected into the muscles, 
salvarsan is only slowly and imper- 
fectly absorbed, Neosalvarsan, ac- 
cording to Swift, is taken up much 
more rapidly, between 75 and 85 per 
cent, of the arsenic being absorbed in 
the first week — the remainder, how- 
ever, quite slowly, so that at the end 
of six weeks 5 per cent, of the ar- 
senic is still present in the injected 
muscle. Ullmann and Haudek al- 
ready in 1911 emphasized, on the 
basis of X-ray experiments, the ad- 
vantages, where salvarsan was to be 
administered hypodermically, of di- 
viding the dose into several small 
ones given at different points, as only 
a small proportion of large doses was 
absorbed and the remainder merely 
injured the tissues at the point of 
injection. 

The rate of absorption is most 
constant after the intramuscular in- 
jection of the neutral suspensions, a 
little more irregular after the injec- 
tion of the alkaline solution, and 
most irregular after the injection of 
the acid suspensions. This is what 
might be expected if the rate of ab- 
sorption is dependent upon the de- 
gree of injury produced by the injec- 
tion, since neutral solutions inflict the 
least injury. During the first week 
after intramuscular injections of neo- 
salvarsan as much arsenic is absorbed 
as after six weeks of salvarsan. Swift 


(Jour. Exper. Med., vol. xvii, p. 83, 
1913). 

The excretion of salvarsan takes 
place chiefly through the kidneys, 
and to a less extent by the intestines, 
skin, and lungs. Its rapidity is sub- 
ject to marked variation.s according 
to the mode of introduction. Escal- 
lon, studying the urinary elimination 
of salvarsan by means of Abelin’s 
color reaction, found that the curve 
of excretion showed two maximal 
points, the first in the four or five 
hours just after the injection and the 
second twenty to twenty-eight hours 
or sometimes forty-eight hours after 
it. In the interval between the two 
summits of the curve, the excretion 
was markedly lessened and some- 
times even at a standstill. The dura- 
tion of the elimination! and the total 
amount excreted were found to in- 
crease with each successive injection. 
According to Abelin the excretion of 
salvarsan begins in from five to fifteen 
minutes after an intravenous injec- 
tion. Fischer and Hoppe found only 
traces of arsenic in the urine three 
days after the introduction of salvar- 
san by this route. That arsenic ex- 
cretion is not always finished on the 
fourth day after intravenous use, how- 
ever, was shown by Bornstein. 

After intravenous injection of goats, 
the serum contains arsenic in a form 
which cannot he separated from the 
proteins by dialysis, and which is pre- 
cipitated with the serum proteins by 
tannic acid (*‘bound arsenic”). No 
such combination is obtained when 
inorganic arsenic is injected. This 
combined arsenic is found in the 
blood long after all free salvarsan 
and neosalvarsan have been elimi- 
nated. It is found in the plasma and 
in the red cells, but no trace of ar- 
senic is retained in the fibrin. W. J. 
Young (Biochem. Jour.,, Dec., 1915). 
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The author found considerable 
fluctuation of the arsenic content of 
the urine after salvarsan. The length 
of time during which arsenic may be 
found in the urine varies with the 
method of administration: In intra- 
venous injection, from nine to sixteen 
days; in intramuscular, from twenty- 
five days to six months. In a nursing 
woman who received salvarsan, ar- 
senic was found in the milk. Mer- 
kurjeff (Roussky Vratch, June 9, 
1912). 

The writers found in 12 nursing 
mothers that after intravenous arsen- 
ical medication the presence of arsenic 
in the breast milk is more constant than 
in either the blood or urine; arsenic is 
found in appreciable amounts long 
after its administration. The amount 
of arsenic received by a nursling in its 
feedings is probably sufficient to be of 
some therapeutic value. Energetic 
treatment of syphilitic mothers during 
lactation is, therefore, advisable. For- 
dyce, Rosen and Myers (Am. Jour, of 
Syph., Jan., 1923). 

Differences of excretion between dif- 
ferent members of* the arsphenamin 
group. Tryparsamid is excreted rapidly 
through the urine, arsphenamin and 
silver arsphenamin very largely through 
the feces, and neoarsphenamin largely 
through the urine but mainly through 
the feces. A relationship between the 
late arsenical reactions and failure to 
excrete was also shown. Conditions 
such as jaundice or dermatitis may 
delay excretion. Fordyce, Rosen and 
Myers ( Amer. Jour, of Syph., Oct, 1924). 

Fischer and Hoppe showed that 
after intramuscular administration of 
salvarsan, somewhat less than one- 
half the whole amount can be recov- 
ered from the urine> and that the 
elimination is not complete for twelve 
days. In one fatal case arsenic was 
found in the gluteal muscles thirty- 
six days after the injection. It seems 
unquestionable that the local necrotic 
changes and partial encapsulation oc- 
curring after these injections exert a 


marked retarding effect upon the ab- 
sorption of salvarsan, and, in addi- 
tion, that the rate of absorption and 
consequently the intensity of thera- 
peutic action as well as the rapidity of 
elimination are subject to pronounced 
variations in different cases — another 
disadvantage of the hypodermic 
routes of administration as com- 
pared to the more direct intravenous 
method. 

Arsenic can be found ip some cases 
six and nine months after an intra- 
muscular injection and as much as 
three months after an intravenous in- 
jection. Heuser (Med. Klinik, April 
9, 1911). 

Experiments made w’ith gastric 
contents, feces, bile, and urine which 
demonstrated that within twenty- 
four hours after ingestion of salvar- 
san, arsenic may be found in both 
bile and urine. Probably only a por- 
tion is absorbed, and this is quickly 
eliminated. J. A. Kolmcr and J. F. 
Schamberg (Jour. Exper. Med., vol. 
XV, p. 498, 1912). 

Effects on Circulation, Blood, and 
Urinary Apparatus. — Salvarsan does 
not appear directly to depress the 
normal heart and blood-vessels to 
any marked extent. A temporary 
fall in blood-pressure and slowing of 
the heart rate has, however, been re- 
ported to follow its intravenous in- 
jection in some instances. Concern- 
ing its effects on the blood-cells the 
results* of investigation have been 
contradictory. Normal kidneys, so 
far as is known, do not suffer from 
the presence of pure salvarsan, 
though where the drug has been al- 
lowed to undergo oxidation before use 
a tendency toward diminished renal 
activity or even anuria may be mani- 
fest. 

In rabbits the author found that long- 
continued administration of salvarsan 
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intravenously brings about a slight 
nephritis. After toxic doses given 
during a short time, a marked fall of 
blood-pressure and serious renal in- 
sufficiency occurred, but lesions were 
not visible in the kidneys. Where 
nephritis had been previously ex- 
cited by cantharidin, rabbits showed 
marked sensitization to salvarsan, 
whereas if the nephritis had been 
caused by mercury or chromic salts, 
that is, was essentially tubular, no ill 
results were obtained till large doses 
were employed. Animals with arti- 
ficial tricuspid insufficiency, with re- 
sulting congestion of abdominal or- 
gans, bore salvarsan worse than 
others with aortic leakage. Alverens 
(Arch. f. exper. Path., Bd. Ixxii, 
1913). 

Influence on blood-pressure was 
studied by the writer in 1(X) cases in 
which the drug was given intraven- 
ously for syphilis, almost all cases 
being in the secondary stage. In 77 
cases the injection was followed by a 
fall in both the systolic and diastolic 
pressures. The average fall of sys- 
tolic pressure was 16 mm, Hg. and 
of the diastolic pressure 13 mm. JTg. 

The blood-pressure 7 hours after 
the injection was usually lower than 
before. The average of blood-pres- 
sure on subsequent days was also 
usually lower, more markedly in the 
diastolic than in the systolic pressure. 
During the injection both pressures 
were nearly always high. Rollcston 
(Brit. Med. Jour., Aug. 21, 1915), 

The writer found the Almcn-Ny- 
lander test for glucose in the urine 
strongly positive in over 50 syphili- 
tics tested during or after 'arsphen- 
amin treatment. Neither before nor 
later was there any indication of 
glycosuria. M. Trossarello (Riforma 
Med., July 31, 1920). 

Intravenous injection of lethal doses 
of acid nonneutralized solutions of 
arsphenamin in experimental animals 
produces widespread and severe vas- 
cular injury characterized '"by conges- 
tion, thrombus formation, hemorrhage, 
and cellular degeneration. The intra- 
venous injection of single large doses 


of solutions of disodium arsphena- 
min (10 times larger than the 
maximum amount administered to hu- 
man beings at one time) produces 
severe vascular and tissue alterations, 
particular!}'' in the liver, kidney, sup- 
rarenals and spleen. The intravenous 
injection of multiple therapeutic doses 
corresponding to doses of 0.6 Gm. per 
60 kilograms of body weight produces 
inconspicuous tissue alterations. Kolmer 
and Lucke (Arch, of Dermat. and 
Syph., Apr., part 2, 1921). 

Blood analyses immediately after intra- 
venous arsphenamin injection showed 
only 37.9 of the arsenic administered 
present in the blood; this correspond- 
ed to 3.71 mgm. of metallic arsenic 
per 100 Gm. of dried specimen. J. A. 
Fordyce, T. Rosen and C. N. Myers 
(Amer. Jour, of Syph., Jan., 1923). 

Histological Alterations Produced 
in the Viscera. — The incidence of 
these alterations appears to depend, 
at least in so far as experimental ^vork 
would indicate, upon two factors: (1) 
the dose given, and (2) individual 
susceptibility or idiosyncrasy. The 
work of Kolmer and Schamberg in 
animals, to which the doses adminis- 
tered — by mouth — were, in their 
opinion, about equivalent to those 
given intravenously to man, seemed to 
show that in ordinary amounts given 
to healthy animals, salvarsan does 
not produce appreciable degenerative 
changes in the principal organs 
within a period of four days. With 
larger though still sublethal doses, 
however, fatty changes were found 
by Chirokogorov to have occurred in 
a certain proportion of the animals 
experimented upon. The doses used 
by this author were 0.05 to 0.2 Gm., 
given subcutaneously or intramus- 
cularly. In 2 of the 4 rabbit experi- 
ments of which he gives protocols, 
the heart showed a mild degree of 
fatty change and the liver fat glob- 
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ules decidedly in excess of those nor- 
mally present in the cells; one of 
these rabbits also showed abnormal 
fatty changes in the kidneys. Two 
dogs weighing about 17 and 20 kilo- 
grams and given, respectively, 0.5 and 
0.6 Gm. of salvarsan, when sacrificed 
showed no fatty changes in any of 
the organs. Pronounced changes in 
the liver, however, were found in 
mice given lethal dosec. The final 
conclusion reached by Chirokogorov 
is that salvarsan undoubtedly does 
sometimes produce fatty changes, but 
that the tendency to this varies in 
different species and also to a wide 
extent in different individuals of the 
same species. [The degenerative 
changes found by Chirokogorov in 
one of the rabbits are shown in the 
annexed plate: Fig. 1. Zeiss, ^2 oil 
.immersion. No. 2 eyepiece: Fatty 
. degeneration (red granulations) in 
heart muscle of a rabbit weighing 800 
Gm. and given subcutaneously 0.05 
Gm. of salvarsan. Fig. 2. Zeiss, E. 
objective, No. 4 eyepiece: Fatty de- 
generation of kidney in same rabbit. 
Fig. 3. Leitz, No. 3 objective. No. 3 
eyepiece : Fatty degeneration of liver 
in same rabbit Fig. 4, Zeiss, E ob- 
jective, No. 3 eyepiece: Mnsculgr 
lesions at seat of injection, consisttiag 
of fatty degeneration, accumulation 
of leucocytes, and partial hyaline de- 
generation of the. muscles.] 

That the variations observed among 
different individual animals by Chiro- 
kogorov hold good likewise in man is 
suggested by the histological changes 
seen in certain of the salvarsan 
^fatalities in the humsm st^ject Thas, 
#^ong 18 cases of death following 
jMtlyatsan collected by Martins, a few 
showed fatty degeneration of the 
and kidneys^ Hofmann 


reported the production of subacute 
yellow atrophy of the liver in a boy 
S years old by two salvarsan injec- 
tions. Fischer witnessed a case of 
death from acute encephalitis in 
which changes were found in the 
heart muscle, liver, and brain-cells. 

UNTOWARD EFFECTS AND 
POISONING. — Toxic symptoms fol- 
lowing arsphenamin injections may 
arise either independently of the drug, 
i,e„ from an improper manner of ad- 
ministration, or because of some direct 
or indirect effect of the drug itself. 

The use in preparation of ars- 
phenamin for intravenous injection of 
water that has not been redistilled a 
few hours before very frequently 
leads to the appearance of headache, 
fever, rigors, and vomiting, owing to 
the effects of the toxins from sapro- 
phytic bacteria or fungi that have 
grown in the distilled water in the in- 
tervals. Before this fact had been 
discovered by Wechselmann the un- 
toward effects following intravenous 
injection were attributed largely to 
the salvarsan itself. That old distilled 
water is actually their cause, how- 
ever, h proven by the fact that the 
same symptoms occur when the 
waW is injected alone. Experimen- 
tal work by Yakimoff has shown 
dearly, moreover, that simultaneous 
injeciiioii of bacterial endotoxins, such 
dis may occur in distilled wster, lowt 
ers the lethal of the drug as 
nit|cb as three and one-hdf times. 
Wbe^ saline aolutioh is made from 
distilled water, experience has shown 
that it should preferably be boiled 
agatii the salt been dissolved. 

A comprehensive experimeiitsl study led 
tile writers to the foUowkig conelus^ns: 
Single massive doses ol arsphenamin, 

' approaching the maximum tolerated dose of 
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tht for white rats, rabbits produce 
severe nephritis followed by death. Single 
large doses of arsphenamin (about one-half 
of the 'maximum tolerated dose) cause 
acute nephritis, which generally clears up 
within from 10 to 16 days. Repeated 
normal therapeutic doses of the drug do not 
disturb the renal functions at all. Whether 
compared weight for weight or on the 
basis pf arsenic content, neoarsphenamin is 
more than twice less injurious to the kid- 
neys than arsphenamin. Raiziss and Brown 
(Arch, of Derm, and Syphilis, July, 1924). 

Complications due to the arsphen- 
amins are steadily diminishing in spite 
of the very widespread use of these 
drugs. In ordinary doses arsphen- 
amin is not toxic, but prolonged cir- 
culation of it in the blood, due to de- 
layed elimination because of prior in- 
fectious disease or other causes, may 
result in its conversion into the toxic 
arsenic oxide. This may injure the 
epithelium of the capillaries and render 
these vessels permeable to fluids. 
Hence the eruptions and central nerv- 
ous manifestations sometimes wit- 
nessed. Simultaneous use of mercury 
and arsphenamin results in serious 
impairment of elimination by the 
former drug, eruptions resulting from 
the capillary injury thereby engen- 
dered. The brain symptoms are due 
to capillary injury, with subsequent 
edema, extravasation of red cells and 
purpura cerebri, wrongly termed en- 
cephalitis hemorrhagica. The drug 
has no actual neurotropic action. 
Wechselmann (Urol, and Cut. Rev., 
Dec., 1924) 

In 2800 patients to whom 27,000 in- 
travenous injections were given, the 
immediate complications were benign 
* and without consequence. There were 
3 cases of ^ythrodermia, 1 of grave 
jaundice, 1 of toxic polyneuritis in a 
tabetic, and 1 case of tardy convulsions 
wit|i urticaria, all ending in recovery. 
Death occurred after 1 injection in 1 
y: case; bfter the fifth injection in an- 

other. No satisfactory expi|anaticm of 
the fatal issue can be gsve%^ Laurent 
(Anti, des Mai Vdn^riennes, Nov., 

; 1925 ). , 


Excluding the phenomena already 
referred to, there may occur in a 
minority of cases various symptoms 
due to unusual susceptibility of the 
patient to arsenic or to toxins set free 
owing to the action of the drug on 
the spirochetes or the patient’s tis- 
sues. Some of these symptoms are 
identical with those due to old dis- 
tilled water, viz., headache, malaise, 
vomiting, and prostration. But there 
may also be noted pain in the ab- 
domen, diarrhea, jaundice, somno- 
lence, angina, skin eruptions, and in 
the unusual serious cases, coma due 
to hemorrhagic encephalitis or in- 
volvement of the kidneys and liver. 
(Hemorrhagic encephalitis has like- 
wise been attributed to old distilled 
water). Where the drug is given in 
suitable dosage and with correct 
technique to individuals that are not 
unusually susceptible to arsenic, the 
only symptoms to be expected are 
slight anorexia and a sensation of 
physical depression not exceeding a 
day in duration (^^a^t^n). 

True toxic effects from neoarsphen- 
amin are neither anaphylactic nor col- 
loido-clastic in nature, but are analo- 
gous to the effects of fatal doses in 
rabbits, featured in particular by gen- 
eral vascular dilatation, serous effu- 
sions and exophthalmos. A selective 
action of the drug on the endocrin- 
sympathetic system is thereby indi- 
cated, and these complications occur 
where some part of this system is im- 
paired by syphilis or other pre^isting 
diseases. In Addison’s disease and 
exophthalmic goiter the drug is poorly 
borne. The chief vasomotor mani- 
festations are mucocutaneous or vis- 
ceral nitritoid crises, serous apoplexy 
and vesiculo-edematous crythrodermia. 
Milian (Paris m^, Mar. 1, 1924). 

In the writer’s investigation of 317 
patients taking arsenicals, nearly all 
testified to a taste or smell of ether or 
, garlic. It was transient i usually, and 
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his experience indicates that when 
these sensations persist, it is a sign 
warning of intolerance of the drug. It 
seems to be impossible to modify this 
paresthesia with the usual drugs; ad- 
renalin alone reduced it somewhat. 
Donato (Policlinico, June 29, 1925). 

NITRITOID CRISES. — Certain 
toxic symptoms were studied by Milian, 
who, from their resemblance to the ef- 
fects of amyl nitrite, calls them crises 
nitritoidcs/' The onset is very sudden, 
often during an intravenous injection or 
soon after. The face becomes flushed, 
the conjunctivje injected, the lips and 
tongue may swell, marked chilliness 
with rigors occurs, perspiration is 
profuse, and usually nausea followed 
by vomiting is noted. Some attacks 
are accompanied by severe headache, 
epiphora, and dyspnea, with intense 
pain in the precordium or epigas- 
trium. Fever and diarrhea are not 
uncommon. The pulse is usually 
rapid. A seyere attack may end in 
syncope. Similar, but milder, attacks 
on the third or fourth day are known 
as secondary nitrkoid crises. 

A ‘^serous apoplexy” also due to 
vasodilatation has been noted after 
intravenous use of salvarsan and neo- 
salvarsan. Suddenly, 3 or 4 days 
after the injection, the patient be- 
comes agitated and develops epilepti- 
form seizures, clonic and tonic, which 
become more and more frequent. 
Coma ensues, with death on the 
fourth day in most cases. At autopsy 
engorgement of the lateral ventricles 
and cerebrospinal canal have been 
noted. Fatal cases of nitritoid crises 
have shown marked congestion of all 
the viscera. 

Adrenal insufficiency plays the 
leading role in these attacks, which 
usually respond to adrenalin. Ad- 
renalm is given intravenously in the 
grave cases, especially those of 


serous apoplexy. The usual route is 
the intramuscular, with a minimum 
dose of 1 c.c. (16 minims) of a 
1 : 1000 solution. In marked cases 
even 4 c.c. (1 dram) can be given. 
Beeson (Urologic and Cutan. Rev., 
Sept., 1915). 

Nitritoid attacks are due to vaso- 
dilatation, and also to the formation 
of a precipitate which is arrested 
temporarily in the capillaries. A 
sufficiency of alkali with the drug 
will prevent these effects in persons 
with normal blood-composition. J. 
Danysz (Presse med.. Sept. 14, 1916). 

At least 3 explanations of the nitritoid 
crises have been advanced, tns., col- 
loidoclastic shock, anaphylaxis, and 
sympathetico-endocrin disturbance. The 
writers believe these 3 theories to be 
neither incompatible nor mutually ex- 
clusive; the 3 forms of disturbance 
may be combined in the individual case. 
Flandin, Tzanck, and Robert! (Bull, et 
mem. de la Soc. med. des hop. de Paris, 
Nov. 3, 1921). 

Endocrin disturbances predispose to 
nitritoid crises. Thyroid changes may 
occur during treatment. The physician 
should be on his guard against toxic 
effects from arsphenamin in cases 
with irregular menstruation, transient 
edema, or other vasomotor or endocrin 
symptoms. Weakness, lassitude in the 
morning and apathy point toward ad- 
renal insufficiency. Levy, Juster and 
Lafont (Ann. des mal. ven., Feb., 1923). 

A form of localized nitritoid crisis is 
emphasized from experience with 5 
cases of edema of the extremities and 
moderate cyanosis developing less than 
1 hour after arsphenamin injection; 17 
other cases receiving the same prep- 
aration showed no untoward effect. 
Bcrtaccini (Policlin., May 28, 1923). 

Every intravenous injection of arsphen- 
amin is followed by a slight decrease 
of leukocytes in the peripheral vessels 
of the entire body. It is known that 
this decrease is influenced by stimula- 
tion of the autonomic nervous system 
and its sympathetic part. Thus, every 
injection of arsphenamin has a direct 
influence on the autonomic nervous 
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system. The angioneurotic symptoms 
sometimes following arsphenamin are 
objectively manifest in a marked de- 
crease of leukocytes in the peripheral 
vessels. Adrenalin prevents this decrease 
of leukocytes. Most persons exhibiting 
the nitritoid crisis after arsphenamin 
do not react in this way to silver 
arsphenamin. Since injections of this 
drug are generally unattended with any 
change in the leukocytes, the indication 
is against any disturbance of the involun- 
tary nervous and vascular systems. 
Rosen, Muller and Myers (Arch, of 
Derm, and Syph., Sept, and Nov., 
1924). 

Treatment . — In the case of the early, 
immediate reactions such as sudden 
syncope, edema of the Ups, tongue or 
an extremity, severe headache, sub- 
sternal constriction with dyspnea, ab- 
dominal cramps, etc., or of combined 
phenomena such as billow amyl nitrite 
inhalation, S. S. Greenbaum (Therap. 
Gaz., Oct,, 1924) finds that subcutane- 
ous or intramuscular injections of 7j4 
to 15 minims (0.5 to 1 c.c.) of 1 : 1000 
adrenalin chloride with grain 

(0.0004 Gm.) of atropine sulphate 
will in most instances decrease or 
prevent the reaction, provided it is 
given not less than 15 minutes before 
the arsenobenzol injection. Flandin’s 
manner of drawing blood into the 
arsenobenzol solution immediately 
before injection appears of some 
value. The curative treatment is the 
same. 

JAUNDICE. — According to J. F. 
Schamberg and H. Brown (Jour. 
Amer. Med. Assoc., June 14, 1924), 
the organ dominantly attacked by the 
arsphenamins is the liver. Blood bili- 
rubin determinations by the van den 
Bergh quantitative test will often dis- 
close pathologic amounts of bilfrubin be- 
fore clinical evidences of jaundice are 
present. By occasional determinations 


in patients receiving arsenical therapy 
liver damage may in some cases be 
averted. Anything over 2 parts of bili- 
rubin per million of blood is regarded 
as excessive. In 2 cases referred to it 
rose to above 150 in the presence of 
jaundice, then receded to normal as the 
jaundice passed off. The test appeared 
valuable in determining when a damaged 
liver will permit the resumption of 
treatment. E. Kahn (Miinch. med. 
Woch., Apr. 6, 1923) favors the simple 
urobilinogen test of the urine as a 
criterion of injury to the liver. 

The jaundice, according to Green- 
baum, may be either toxic or syph- 
ilitic ( Jarisch-Herxheimer reaction 
and hepato-recurrence). Differentia- 
tion is not always possible, and is usu- 
ally based on the amount and regu- 
larity of the treatment. The pre- 
monitory symptoms — lassitude, mal- 
aise, anorexia, chronic headache, in- 
somnia — and the laboratory findings 
— delayed phenoltetrachlorphthalein 
elimination and hyperbilirubinemia — 
indicate an oncoming jaundice of 
toxic type if observed during a regu- 
lar series of arsphenamin injections. 

In about 40 per cent, of cases hema- 
toporphyrin appears in the urine after 
injection of salvarsan. Its production 
seems to depend on an abnormal 
destruction of hemoglobin with which 
the liver cannot deal, and which conse- 
quently is eliminated by the kidneys. 
C. Cavina (Giorn. ital. d. mal. ven, e 
dellc pelle, fasc. v, p. 315, 1917). 

Report of 2 cases of slowly fatal 
icterus gravis occurring 1 and 2 weeks, 
respectively, after a series of 5 doses 
of novarsenobillon. There was great 
reduction in the size of the liver, with 
persistent vomiting, and progressive 
weakness. Death resulted 21 and 40 
days after the onset of symptoms and 
at necropsy the liver in each case was 
found in a peculiar condition of cir- 
rhosis with atrophy and aqute degener- 
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ation. Fenwick, Sweet and Lowe 
(Brit. Med. Jour., Apr. 20, 1918). 

The writer has never encountered an 
instance of toxic jaundice from intra- 
muscular injections of sulpharsphen- 
amin. In a personal case these injec- 
tions apparently cured syphilitic jaun- 
dice. Experiments on rabbits indi- 
cated that intramuscular injections of 
arsphenamin are less toxic for the 
liver than the intravenous. Their 
action is the same, although somewhat 
retarded. Masson (Paris Medical, 
Nov. 14, 1925). 

Treatment . — Duodenal lavage is rec- 
ommended by L. F. X. Wilhelm 
(Arch, of Derm, and Syph., Oct., 
1924) on the basis of experience in 33 
cases. The stomach is first washed 
through the tube until the return is 
clear. The duodenum is then washed 
with water at 40° C, ; 100 c.c. of satu- 
rated magnesium sulphate solution is 
then washed back and forth in a 100 
c.c. syringe for 10 minutes, after which 
the duodenal contents are permitted 
to syphon out. Upon repetition of 
this procedure 3 or 4 times at hour 
intervals, the treatment is concluded 
by washing out the stomach. One to 
8 such treatments on alternate days 
were given, the average required be- 
ing 2. Other measures employed 
w'ere ; Acid sodium phosphate ; oxgall 
tablets; calomel and a saline purga- 
tive; glucose solution proctoclysis in 
severe cases; diet rich in carbohy- 
drates and fresh fruits, with restric- 
tion of meats. Greenbaum (Therap. 
Gaz., Oct., 1924) deems the best treat- 
ment available to be biliary drainage in 
combination with daily intravenous 
injections of thiosinamin and a diet 
rich in carbohydrates. 

In 28 cases of chronic arsphenamin 
poisoning treated by the writer, in- 
cluding 16 of jaundice, 11 of dermatitis 
and 1 of hyperpyrexia, a portion of the 
cases were treated with a fat-free diet, 


forced fluids, purgation and local skin 
measures, while the others received 
intramin intramuscularly in addition. 
H. G. Lloyd (Boston Med. and Surg. 
Jour., Apr. 10, 1924). 

ANEMIA. — Many cases are met 
with suffering from profound blood 
derangement following the use of 
antisyphilitic remedies, according to 
L. Stern (Med. Jour, and Rec., Jan. 
16, 1924). In such patients he has 
found valuable intravenous injections 
of iron cacodylate from ampules each 
containing 1 grain in S c.c. An accu- 
rately prepared and tested prepara- 
tion is requisite. 

The writer found experimentally 
that excess of potassium enhances the 
toxicity of the arsphenamins. An ex- 
cessive vegetable diet may favor such 
a toxic action clinically. Calcium 
chloride in 10 per cent, solution in 5 
c.c. ampules, given along with the nco- 
arsphenamin, which is dissolved in it, 
counteracts this form of toxicity, as 
clinically noted in cases in which, with- 
out the calcium, nephritis or erup- 
tions had previously developed. The 
calcium solution must be injected 
slowly and the drawing of blood into 
the syringe avoided. Jacobsohn and 
Sklarz (Klin. Woch., July 8, 1924). 

HEMORRHAGES.— P. Emile-Weil 
and Isch-Wall (Presse med., July 28, 
1923), reporting 10 cases of hemor- 
rhage such as epistaxis, hemoptysis, 
bleeding from the gums, menorrhagia 
and purpura, warn against persistence 
in arsphenamin treatment where there 
is the least hemorrhagic tendency. In 
mild cases, injections of human blood 
proved effective; in the severe ones, 
repeated blood transfusion, 200 to 
300 C.C., was availed of. Other meas- 
ures comprise proctoclysis of glucose 
solution containing a maceration of 
100 Gm. of hog’s liver, and 40 drops 
of adrenalin solution by the mouth. 
For resumption of treatment, bismuth 
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seemed preferable to mercury. There 
was always intolerance of the arsphen- 
amins in cases with abnormal bleeding 
time. 

Case of death from anemia due to 
persistent hemorrhages within 2 weeks 
after 0.6 Gni. of arsphenamin in a 
hemophiliac was observed by the 
writer. The drug is contraindicated in 
hemophilia. J. Rosen bloom (Jour, of 
Lab. and Clin. Med., Oct., 1923). 

RENAL DISORDERS. — G. W. 

Raiziss and H. Brown (Arch, of 
Derm, and Syph., July, 1924), from 
experimental work, deem it possible 
that many of the reactions following 
the arsphenamins are only secondary 
manifestations resulting from injuries 
sustained by the kidneys. In rabbits, 
1 large dose of 150 mgm. of neo- 
arsphenamin per kilo, caused acute 
nephritis, though multiple therapeu- 
tic doses of 15 mgm. did not injure 
the kidneys. Neoarsphenamin, weight 
for weight or on the basis of arsenic 
content, proved less than half as in- 
jurious to the kidneys as arsphenamin. 
Clinically, the renal function must be 
carefully noted before and during the 
treatment. 

Investigations have confirmed the 
view that more of the drug is elimi- 
nated by the intestines than by the 
kidneys, after intravenous injection. 
The bile from a dog with a bile fistula 
constantly showed more than 0.01 Gm. 
of the drug in 5 c.c. of bile, while 15 
c.c. of the urine contained only frac- 
tions of a milligram. The amount of 
bile secreted in 24 hours being about 
equal to that of the urine, the im- 
portance of this route of elimination is 
plain. The author also refers to Jean- 
selme’s case in which 0.01 Gm. of 
arsenic was found in the vomitus from 
5 to 8 hours after an injection of 
0.6 Gm. of arsphenamin. Pomaret 
(M6decine, Nov., 1920). 

Elimination of arsenic by the urine 
continues for a period of 10 or 12 days. 


It is found also in the feces. The 
maximum excretion occurs on the day 
of administration or the next day. 
Each successive injection causes a 
higher second day rise and higher 
daily average excretion than the one 
preceding it. Arsenic is slow in ap- 
pearing in the intestinal contents, yet 
the greater part of it is excreted by 
this route. In the intervals between 
treatments, the arsenic compounds are 
retained in the body up to a point of 
saturation of the tissues. When this 
point has been reached (apparently 
about the fourth injection), further 
additions are in large measure quickly 
eliminated. Underhill and Davis (Arch, 
of Derm, and Syph., Jan., 1922). 

SKIN ERUPTIONS.— The early 
delayed or intermediate reaction to 
arsphenamin, developing in 3 to 24 
hours, consists, as described by Green- 
baum (Therap. Gaz., Oct., 1924), 
of 1 or all of the following : chilliness, 
headache, nausea, vomiting, diarrhea, 
tenderness over the liver, urobilinuria, 
fever, malaise, erythematous rash, and 
localized or generalized edema. Lower- 
ing the dose usually prevents their 
repetition. Among the late toxic re- 
actions, occurring after 24 hours, is 
dermatitis, frequently preceded by pre- 
monitory signs such as localized or gen- 
eralized pruritus, erythema on the arms 
and legs, numbness and tingling in the 
fingers and toes, and hypersensitiveness 
of the skin {c,g,, to tincture of iodine). 
When the dermatitis occurs early, i,e,, 
after the 1st or 2d injection, these pre- 
monitory signs are wanting. Dermatitis 
persists from a few days to 4 or more 
months. An apparently mild form may 
progressively become very severe. All 
forms are later complicated by second- 
ary infection of the skin, scalp and eyes, 
as well as by a secondary fever. 

Chronic focal and acute prodromal 
or intercurrent infections form a part 
of the complex on which arsphenamin 
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skm reactions develop. Stokes and 
Cathcart (Arch, of Derm, and Syph., 
Jan., 1923). 

Case of scarlatinoid eruption follow- 
ing the 30lh daily injection of arsphen- 
amin. Subsequently, as little as 1 
nigm. of the drug sufficed to produce 
intense anaphylactic shock and erup- 
tion. Sodium bicarbonate was used 
with moderate success as preventive. 
Raynaud, Montpellier and Lacroix 
(Bull. Soc. nied. des hop. de Paris, 
June 22, 1923). 

Seborrheic dermatitis seems to predis- 
pose to arsphenamin eru])tions. H. E. 
Miller (Cal. State Jour, of Med., Nov., 
1923). 

Case of grave and persistent melano- 
sis following 11 doses of neoarsphen- 
ainin, which closely recalled arsenical 
melanosis. W. J. O’Donovan (Brit. 
Jour, of Derm, and Syph., Feb., 1925). 

Treatment. — Sodium thiosulphate, 
preferably given intravenously, was 
found by W. L. McBride and C. C. 
Dennie (Arch, of Derm, and Syph., 
Jan., 1923) markedly to shorten the 
course of arsenical dermatitis. It also 
proved a successful neutralizing agimt 
for acute and chronic mercurial poison- 
ing. When pure, it is non-toxic in doses 
up to 2 Gm. The treatment is based 
on the detoxicating, precipitant action 
of sulphur salts on metals. According 
to M. R. Groehl and C. N. Myers 
(Therap. Gaz., Oct., 1924), the drug as- 
sists by producing new soluble products 
of the metals, which are probably thio- 
sulphuric acid derivatives of a complex 
protein compound. Intravenous use 
(0.6 Gm. daily) results in more rapid 
excretion and a more abortive effect 
than oral use (30 Gm. daily). A useful 
preventive measure is to give the arseni- 
cal in a dilute solution in 0.4 per cent, 
sodium chloride, allowed to stand 15 
to 20 minutes before injection. Dilu- 
tion in concentrated lactose or glu- 
cose solution (2 to 4 Gm. of the sugar) 


is also a preventive measure, but it re- 
duces the therapeutic activity of the 
arsenical. 

Sodium thiosulphate was injected in- 
travenously in 3 cases, in doses of 0.3, 
0.45, 0.6, 0.9, 1.2, 1.5 and 1.8 Gm. on 
alternate days, the solution being re- 
boiled before use. Excellent results 
were obtained. Hoffmann and Schreus 
(Miinch. med. Woch., Dec. 14, 1923). 

The writers gave 4 intravenous in- 
jections to a total of 1.35 Gm. in a 
child of 27 months with eczematous 
and exfoliative dermatitis, the skin 
lesions almost disappearing in 6 days. 
Bugg and Folkoff (Bull. Johns Hopk. 
Hosp., Mar., 1924). 

On the basis of Voegtlin’s observa- 
tion that certain sulphydryl (SH) com- 
pounds possess detoxifying effects on 
arsenoxidc, the writer used thiosinamin, 
a substitute sulphydryl compound, in- 
stead of sodium thiosulphate. It is solu- 
ble in 2 parts of water and acts, when 
given intravenously, extremely rapidly. 
The drug is used from ampules con- 
taining 3 grains (0.2 Gm.) of it in 6 
c.c. (96 minims) of distilled water, with 
1 or 2 drops of 2 per cent, glycerin 
added to insure permanent dissolution. 
The ampules are sterilized in the auto- 
clave. The average daily dose is 1 
ampule. The drug yielded excellent 
results in a large number of cases, 
seemingly inhibiting the dermatitis 
almost at once. Greenbaum (Jour. 
Amer. Med. Assoc., July 5, 1924). 

MISCELLANEOUS UNTO- 
WARD EFFECTS. -T- Repeated in- 
jections of salvarsan are more likely 
to cause toxic effects than a single in- 
jection, apparently owing to accumu- 
lation of the drug or its products in 
the system. 

It has been repeatedly noticed that 
where other pathogenic micro-organ- 
isms than the spirochete are present 
the toxic effects are more marked 
than usual. Thus, as stated by 
McDonagh, an injection of salvarsan 
in a patient with septic tonsillitis or 
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influenza will cause an uncommonly 
pronounced reaction, and may aggra- 
vate the disorder present. In the 
same way, a latent bronchitic process 
may be excited to renewed activity 
by salvarsan. Epileptiform seizures 
have been known to follow the ad 
ministration of the drug in patients 
who are particularly predisposed to 
such disturbances. 

Neoarsphenamin in rather large 
doses by vein passes directly to the 
liver and is apt to cause injury with 
resulting jaundice. This subsides if 
the drug is suspended. Again, the 
toxic injury of the liver reduces its 
resisting power, and thus the spiro- 
chetes are enabled to settle in it and 
damage it further. Subcutaneous injec- 
tion does not reach the liver so 
directly. L. Brocq (Bull, med., Mar. 
19, 1921). 

Reawakening of latent diseases may 
also occur. A case of latent fiialaria in 
which the disease was reawakened by 
novarsenobenzol was reported by the 
writer.. The arsenobenzols are, however, 
specific for malaria, which may be cured 
by simply continuing their use. He thinks 
many effects attributed to arsenicals 
are really due to awakened latent in- 
fections, such as measles, rubella, 
lichen planus, or the infectious ery- 
themas. G. Milian (Ann. des mal. ven., 
Jan., 1922). 

Herxheimer^s reaction consists of a 
prompt but temporary aggravation or 
greater prominence of a syphilitic 
skin eruption present at the time of 
the injection. The phenomenon is 
devoid of any unfavorable signifi- 
cance, probably signifying that the 
drug has caused transient increased 
activity of the spirochetes, just as, 
e.g,, atoxyl will cause augmented 
motility of the trypanosomes before 
they succumb to its toxic action in 
the sleeping sickness. Wher^., how- 
ever, as is sometimes the case, the 
Herxheimer reaction appears not im- 


mediately but a few days after the in- 
jection, the cause is probably the 
toxins set free by the destruction of 
the spirochetes. 

Morbilliform eruptions, urticaria, 
herpes zoster, and angioneurotic 
edema have also been observed to 
follow ars])henamin, generally about a 
week after the injection. 

The so-called ^^ncurorccurrenccs'* 
(neurofixation), consisting usually 
of the appearance in S3q:)hilitics of 
paralysis of one or more of the cranial 
nerves, especially the auditory and 
optic, have l)een fairly definitely 
shown to be due almost always to the 
syphilitic process itself, and not, as 
for a time seemed plausible, to direct 
or indirect effects of the arsenical 
drug. This is indicated by the 
marked improvement which occurs 
after further treatment by salvarsan 
or mercury. As McDonagh observes, 
neuritis of cranial nerves after sal- 
varsan almost always occurs in pa- 
tients in the early secondary stage of 
syphilis, the Wassermann reaction 
being generally negative, and only 
one injection of the remedy having 
been given. Apparently the reason 
for the sudden widespread interest 
aroused in “neurorecurrences’’ is that 
the introduction of salvarsan led, in 
conjunction wdth the observations of 
its effects on the disease, to a much 
closer study of early syphilitic in- 
volvement of the cranial nerves and 
to a realization of the fact that the 
gradually developing lesions of this 
kind are far more frequent accom- 
paniments of the disease than had 
previously been supposed. On the 
whole, cranial nerve trouble merely 
implies insufficient treatment. Where 
series of arsphenamin injections are 
given, such a condition is rarely seen. 
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Case of secondary syphilis treated with 
novarsenobillon, in which 56 hours 
after the second dose the patient began 
to vomit. During the next 3 days he 
had 7 cf>ilcf'tiform convtdsions with un- 
consciousness, biting of the tongue, in- 
continence of urine and feces, a macu- 
lar skin eruption, marked cyanosis, and 
failing pulse. Adrenalin, calomel and 
lumbar puncture failed to relieve, so 
oxygen inhalations and caffeine, 0.2 
Gm. (3 grains), with urotropin, 1.5 Gm. 
(23 grains), in 15 c.c. ounce) of 
sterile distilled water, were given. Five 
hours later the patient had become en- 
tirely rational, but he continued to have 
partial amnesia for 14 days. Parnell and 
Dudley (Lancet, Jan. 24, 1920). 

Case of a girl 19 years old, in whom 
injection of salvarsan was followed by 
the phenomena of disease of the basal 
gamjUa. There was a mask-like facies, 
with dropping of the lower jaw, de- 
layed execution of various movements 
in spite of good muscular power, 
tremor, rigidity on passive motion, 
horizontal nystagmus, slow monoton- 
ous speech, imperfect articulation, and 
uncertain gait. The blood Wasser- 
mann was positive and the spinal fluid 
Wassermann negative. Paul Matz- 
dorff (Berl. klin. Woch., May 6, 1922). 

The writers observed 6 cases of 
arsphenamin neuritis, 2 simulating in- 
cipient tabes and 4 a pseudotabes. 
Large doses of the drug arc an un- 
deniable factor in the neuritis, but it 
may occur with small doses, probably 
owing to anaphylaxis. The neuritis 
seems to be more frequent with sub- 
cutaneous injections than with intra- 
venous, since the elimination of arsenic 
is more rapid with the latter. Per- 
sistence of the pupil reflex, integrity of 
the sphincters, tingling in the soles, 
and slight changes of sensibility in the 
limbs are the differential signs from 
tabes. Sezary and Chabanier (Bull, de 
la Soc. med. des hop., Feb. 20, 1925). 

DEATHS FROM SALVARSAN 

have in the great majority of cases 
occurred either where contraindica- 
tiems have been disregarded; where 


the drug has been given as a last re- 
sort, with but little hope that it would 
bring about recovery; or where the 
technique followed has been faulty or 
a manifestly excessive dose given. 
Wechselmann, at the close of his 
monograph on salvarsan fatalities, 
emphasized the fact that these cases 
present no definite type — except, 
perhaps, the group of those suc- 
cumbing to hemorrhagic encephalitis 
— and can, therefore, not be collec- 
tively discussed or explained. He 
considers renal insufficiency, how- 
ever, and not abnormal sensitiveness 
of the brain-centers, the essential 
condition predispo.sing to salvarsan 
death. Accumulation of arsenic in 
an organism in which the vi.sccra are 
normal functionally cannot be con- 
sidered a cause, as Wechselmann has 
given doses of 0.6 Gm. ten to fifteen 
times at intervals of but two or 
three days without witnessing any 
ill effects, whereas in many of the 
fatal cases only 0.3 to 0.8 Gm. had 
been given altogether. Neither can 
idiosyncrasy be incriminated, for in 
many instances death has been pro- 
duced, not after the first, but after 
the second or a subsequent injection. 

Four deaths following the use of 
arsphenamin are reported by the writer. 
From 4 to 6 intravenous doses had 
been given, with an average interval 
of 4 days between injections. From 
0.4 to 0.6 Gm. of arsphenamin were 
given at a time. Two days in 3 cases 
and 3 days in the other case inter- 
vened between the time of the last 
treatment and the onset of the illness, 
A striking similarity in symptoms as 
well as in post-mortem findings ex- 
isted in all 4 cases. After a symptom- 
less latent period of about 2 days, sud- 
den and profound coma predominated, 
making it difficult to elicit any focal- 
izing signs. There were no cranial 
nerve palsies; the pupils were dilated 



DIOXYDIAMlDOARSENOBEf^ZOL, SALVARSAN, OR 606 (SAJOUS). 193 


in 2 cases; in two they were un- 
affected. Two patients had convul- 
sions; Cheyne-Stokcs breathing was 
present in all and death was apparently 
due to failure of the respiratory center. 
Patholof^ic study of the brains of these 
4 cases showed similar lesions. These 
consisted in minute hemorrhages, scat- 
tered through and confined to the basal 
nuclei and that part of the cerebrum 
bounding the lateral ventricles. The.se 
were associated with a softening con- 
fined to this locality and seen easiest on 
gross examination. Cerebral conges- 
tion and edema were marked. Blanton 
(Amer. Jour, of Syphilis, Oct., 1919). 

Illustrating possible late fatalities 
from neoarsphenamin, the writer re- 
ports the case of a young man of 23 
who had been given in 20 intravenous 
injections a total of 11 Gm. of neo- 
arsphenamin. Five days after the last 
injection he developed febrile gastric 
disturbance and headache, followed by 
pain in the right side, jaundice, con- 
vulsions, hemorrhages, coma, and death 
on the fifth day. Necropsy showed 
congestion of all organs, especially the 
lungs and liver, and disseminated suf- 
fusions in the brain. No arsenic was 
found after careful analysis of a por- 
tion of the liver. It is thought possible 
that the intravenous injections may 
affect the cndocrin (jlands cither directly 
or through the sympathetic system. 
Van Wimsen (Arch. Med. Beiges, 
Feb., 1922). 

The morbid phenomena witnes.scd 
in these cases before death do not 
correspond with those of arsenic 
poisoning. 

A man of 32, six years after infec- 
tion, was given an intravenous injec- 
tion of 0.6 Gm. salvarsan. Symptoms 
of gastric and brain disturbances ap- 
peared on the second and third days, 
and at necropsy, six days after the 
injection, the brain showed traces of 
acute hemorrhagic encephalitis, the 
blood CvScaping by diapedesis as in 
infectious processes. The brain may 
have been peculiarly sensitive in this 
patient, as he had had much worry 
and sought relief from insomnia in dis- 
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tractions of varied kinds. AImkvist 
(Miinch. med. Woch., Aug. 22, 1911). 

Death occurring in hopeless cases — 
big aortic aneurisms, severe cardiac 
disease, advanced tuberculosis, or 
terminal .stages of pernicious anemia 
— cannot be laid at the door of sal- 
varsan. In these cases minimal doses 
(0.1 Gm.) should be used. Cases 
which die with symptoms of enceph- 
alitis hemorrhagica, on the other 
hand, are most likely due to edema 
resulting from too rapid death of the 
spirochetes. These accidents can be 
avoided if all syphilitics who show 
early brain symptoms are treated with 
very small doses given at intervals. 
Complete rest after the injection is 
strictly indicated. Cerebral pressure 
symptoms then occurring must be 
relieved by spinal puncture or even 
by decompression. Salvarsan is rela- 
tively harmless — more so than chlo- 
roform, for example; 2 to 3 Gm. can be 
given during a few weeks. P. Ehrlich 
(Munch, med. Woch., Nov. 21, 1911). 

Report of 2 cases of death after 
salvarsan. The first, observed by 
Oltrarnarc, was that of an obese man 
of 48, .syphilitic since 15 years, pre- 
senting no evidence of renal or car- 
diac disturbance or of spinal or brain 
involvement, who succumbed, after a 
period of coma, three days after an 
intravenous injection of 0.6 Gm. of 
salvarsan in alkaline solution. The 
aulop.sy showed leptomeningitis, fatly 
degeneration of the heart, chronic 
purulent bronchitis, and broncho- 
pneumonic lesions in the lower lobes 
of the lungs. Caraven brought to the 
author’s notice the case of a young 
man of 21, without organic lesions of 
any kind, who died similarly four 
days after a second injection of 0.6 
Gm. of salvarsan, the first having 
been given a week previously. The 
autopsy showed marked congestion 
of the brain and lungs, reddened and 
soft kidneys, and hemorrhagic foci in 
the stomach lining. Gaucher (Bull, de 
I’Acad. dc Med., Nov. 21, 1911). 

Ca.se of a man of 30 with severe 
convulsions developing on the third 
day after a second injedtion of sal- 
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varsan. The convulsions returned at 
intervals, with unconsciousness, de- 
viation of the eyeballs, clonic and 
tonic muscular spasms, and abolition 
of the pupillary reflex. In the inter- 
vals the mind was clear and the re- 
flexes normal, but the man com- 
plained of intense headache. He died 
in coma the second day after the on- 
set of the convulsions. The necropsy 
findings indicated a severe acute 
action on the central nervous system 
and kidneys. Assniann (Bcrl. klin. 
Woch., Dec. 16, 1912). 

Report of the case of a Sepoy, aged 
23 years, thin and somewhat ane- 
mic, with a secondary rash, mucous 
patches and general adenitis. Sal- 
varsan 0.5 Gni. grains), was 

given intravenously. A good deal of 
vomiting followed. Six days later he 
was deeply jaundiced; the stools con- 
tained bile and the urine traces of 
bile and albumin. The liver became 
enlarged and tender, and the pulse 
regular but weak, with temperature 
normal. Collapse and death occurred 
6 days later. There must have been 
storage of arsenic in the liver, caus- 
ing acute fatty degeneration. Three 
similar cases are on record. Wadia 
(Brit. Med. Jour., Jan. 6, 1917). 

In a patient undergoing mixed 
treatment with mercury and salvar- 
san, the second injection of the lat- 
ter drug gave rise, after 48 hours, to 
general nervous phenomena ending in 
death in 24 hours. At autopsy sev- 
eral hemorrhagic foci were found in 
the brain, one of the size of a plum 
being in the central nuclei. Dissauer 
(Deut. med. Woch., Nov. 22, 1917). 

A patient received in all 4 injec- 
tions of 0.6 Gm. (10 grains) of the 
new salvarsan product manufactured 
in the United States under German 
formula. The first 2 injections were 
without any marked reaction while 
he had a little vomiting following the 
third administration. After the fourth 
dose he had hardly any discomfort 
and .was about the ward in 10 min- 
utes. Four days later he complained 
of severe abdominal cramps, and 
vomited frequently. Diarrhea set in 


lasting several days, and vomiting 
persisted until the end. The vomiting 
was projectile in type with no nau- 
sea. He had temporary abdominal 
tenderness and there was distension 
of the bladder, necessitating cathe- 
terization. Arsenic poisoning was 
suggested by the vomiting and lan- 
guor. with signs of nerve degenera- 
tion, probably central. The reflexes 
became slow and weak. Pupils were 
sluggish and partially dilated. The 
temperature became subnormal due 
to exhaustion, while the pulse rate 
kept fairly strong to the end. About 
the third day hypostatic congestion 
of the lungs set in, followed by 
paralysis of both limbs and almost 
complete lack of skin sensitivity. 
There were involuntary bowel pass- 
ages. He responded very slowly and 
could hardly use his arms. Uncon- 
sciousness and death ensued in 6 
days. F. B. McNierney (U. S. Naval 
Med. Bull., July, 1918). 

Wechselmann, 'collecting accounts 
of all or nearly all the post-salvarsan 
fatalities — in adults only — recorded 
up to the fall of 1912, cites 6 cases oc- 
curring after subcutaneous and 15 
after intramuscular injection. 

Among the much more numerous 
cases occurring after intravenous in- 
jection, Wechselmann lists 25 in 
which either the injection was given 
with the patient already in extremis, 
gross errors of technique were made 
or lesions of various organs existed, 
accounting for the fatal results, e.g., 
tuberculosis, syphilitic meningitis, 
aneurism, sclerotic changes, cancer, 
etc. Another series of 10 cases com- 
prises those in which the .power to 
excrete the drug was impaired owing 
to the effects of chronic alcoholism, 
syphilis, and mercury on the internal 
organs. Twenty- five more cases were 
due to the presence of nephritis ; in a 
large proportion of these anuria and 
uremic phenomena were noted ; in 



DTOXYDIAMIDOARSENOBENZOL, SALVARSAN, OR CM (SAJOUS). 


105 


some the renal changes were appar- 
ently slight. In both this and the 
preceding group, combined salvarsan 
and mercurial treatment had been ad- 
ministered. The remaining — much 
smaller — groups include the cases 
neither subjected to combined treat- 
ment nor presenting albuminuria, 
those dying of acute yellow atrophy 
of the liver (probably quite indepen- 
dently of the salvarsan), and those 
suffering from severe diseases other 
than syphilis, and free of the latter. 

A pale, slight man, with syphilitic 
plaques on the tongue, lips, and sev- 
eral enlarged glands, was ordered 
biniodide of mercury injections, 
which were badly borne, and subse- 
quently injections of 40 per cent, 
gray oil. A year later the glands of 
the neck were found much enlarged 
and plaques in the mouth evident. 
Weight 43 kilos (94 pounds'). No al- 
buminuria, No lesion in the heart or 
lungs. Three hours after an intra- 
venous injection of 0.4 Gm. of salvar- 
san in alkaline solution, vomiting, 
diarrhea, and sweats supervened. 
The vomited matter was greenish and 
at times mixed with dark blood, the 
diarrhea abundant and frequent, per- 
spiration copious, and palpitation 
violent. The. lips were violet, the 
tongue chocolate and dry, the aspect 
very pale, temperature 36® C. (96.8® 
F.), radial pulse almost impercept- 
ible. On the two days following the 
injection, until he died, the patient 
did not pass a single drop of urine, 
and the bladder was entirely empty. 
E. L. Morata (Rev. de med. y cir. 
pract., Feb. 28, 1911). 

A patient received 0.5 Gm. (7^2 
grains) of salvarsan by vein and after 
the injection complained of severe 
abdominal pain. For three days she 
voided no urine; on the fourth, how- 
ever, she passed three ounces of 
clear urine; from then until death on 
the following day she passed no 
more. She died in coma. On micro- 
scopic examination of the liver the 


parenchyma cells in the central part 
of the lobules were quite irregular in 
size and shape and had ragged, indis- 
tinct margins. Many contained a 
bright-jTllow pigment and all showed 
vacuoles. The protoplasm was gran- 
ular and the nuclei of different sizes 
and shapes, some scarcely distin- 
guishable. Some of the cells con- 
tained three or more nuclei, suggest- 
ing direct division. Some cells 
showed mitotic figures in various 
stages. In the kidneys proliferation 
of the epithelium was present in all 
parts of the convoluted tubules. 
Polynuclear cells were common. Oc- 
casionally syncytial, budlikc masses 
of protoplasm were found. There 
was an excessive amount of desqua- 
mation of the epithelial cells. There 
were no evidences of severe vascular 
injury, such as is common after ar- 
senical poisoning. H. C). Ruh (Cleve- 
land Med. Jour., Sept., 1912). 

Two fatal casec observed following 
salvarsan. The first was a man, 30 
years of age, who received three in- 
travenous injections of 0.6 Gm. each 
within a period of two months. The 
first two injections were given two 
days apart. He also received an in- 
jection of metallic mercury. Within 
a few hours after the third injection 
of salvarsan there, was a slight tinge- 
ing of the sclera and on the following 
day universal icterus, terminating 
fatally after four weeks, with the pic- 
ture of an acute yellow atrophy of 
the liver. Chemical examination of 
the liver and spleen gave a definite 
arsenical mirror. 

The second case occurred in a 
woman of 29 years who had received 
mercury injections repeatedly. With- 
in two months she received four in- 
jections of salvarsan — two intraven- 
ously and two intragluteally — the 
combined dosage being 1.95 Gm. 
About seven months after the last 
injection of salvarsan icterus set in, 
which ended fatally within eighteen 
days, with the picture of acute yellow 
atrophy and ascites. Only faint 
traces of arsenic could be detected in 
the liver. The pathologicoanatomical 
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diagnosis was chronic yellow atrophy 
of thci liver. In the second case the 
condition did not follow soon after 
the salvarsaii was injected, and the 
concurrence of syphilis as! a cause 
could not he ruled out. Severin and 
f 1 einrichsdorlf (Zeit, f. klin. Med., 
Bd Ixxvi, 1912). 

While recognizing the frequency 
of brain symptoms in cases of death 
after salvarsan, Wcchselmann, as the 
result of his comprehensive study, 
felt impelled to lay most stress upon 
failure of elimination as the cause of 
these symptoms. Although the fact 
that salvarsan may be well borne 
even by seriously diseased kidneys, 
but may cause death where the his- 
tological changes are slight, would 
seem to be in opposition to the above 
view, the work of Schlayer has shown 
that disturbances of renal function in 
general by no means necessarily 
parallel the actual, evident patho- 
logical changes present. Moreover, 
Wechselmann pointed out that arsenic 
has been demonstrated to impair, 
even after small doses, the ability of 
the renal vessels to dilate or contract 
— thereby tending to arrest the kid- 
ney function — while mercury induces 
essentially a tubular nephritis, with 
albuminuria and casts. Since nearly 
all the cases of salvarsan death in 
robust individuals have shown the 
combination of energetic mercurial 
treatment with intravenous adminis- 
tration of the arsenical remedy, Wech- 
selmann was inclined to consider this 
association responsible for a number 
of the deaths from salvarsan recorded. 
That such is actually the case is in- 
dicated by a rather extensive array 
of experimental and clinical evidence, 
which makes it seem probable that in 
persons whose kidneys are unusually 
susceptible to the effects of mercury. 


and are therefore somewhat disturbed 
in function even by ordinary mer- 
curial treatment, the added paralyzing 
influence of the arsenic in salvarsan 
on the renal vessels will be sufficient 
to arrest the renal function. This, in 
turn, will cause retention of the sal- 
varsan in the system for an unusual 
period, and a considerable amount of 
it will become oxidized, forming a 
compound far more toxic tlian salvar- 
san. (Elirlich himself agreed with 
Wechselmann that this oxidation in 
the system may be increased owing 
to stasis brought on by kidney in- 
sufficiency.) iMiially, since several 
ol)servers have noted that salvarsan 
exposed to the air was particularly 
likely to bring on anuria, the readi- 
ness with which death may occur 
through the mechanism advanced by 
Wechselmann will without difficulty 
be realized. 

Comparison between the effects of 
toxic doses of salvarsan and of bi- 
chloride of mercury. Salvarsan has 
a relatively slight effect upon the kid- 
ney and a relatively marked effect 
upon the liver; about threei times as 
much arsenic will lodge in the hepatic 
cells as will be fbund in the renal 
epithelium. As is well known, bi- 
chloride of mercury attacks the kid- 
ney with great avidity, so that the 
organ is rapidly damaged; on the con- 
trary, its action upon the liver is rela- 
tively slow and slight, the action in 
each case bearing a direct relation- 
ship to the amount of the drug. 
Oettinger and Ficssinger, examining 
a case of poisoning by intramuscular 
injection of mercury, discovered 0.01 
Gm. of mercury for each 1000 Gm. 
of liver tissue, while three times as 
much was found in the kidneys. 
Morel, Mouriquand. and Policard 
(Jour, de phys. et path., July 15, 
1912). 

Case of a woman with ulcerative 
syphilitic lesions of the throat and 
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labia, previously treated with mer- 
curial inunctions. Urine clear and 
free of albumin; specific gravity 1014. 
The ulcers recurring, an injection of 
0.6 Cm. of ncosalvarsan was given, 
which was well borne. Eight days 
later another injection of the same 
dose was given. Two days after, a 
slight tremor appeared and the knee- 
jerks became exaggerated. Next day, 
convulsions, unconsciousness, and 
cyanosis; followed, a day later, by 
coma, marked cyanosis, and death. 
The autc)psy revealed a cloudy con- 
dition of the epithelium of the con- 
voluted tubules. The cells of Bow- 
man’s capsule surrounding the glom- 
eruli were in part thickened, swol- 
len, and detached. Busse-Merian 
(Munch, nied. Woch., No. 43, 1912). 

Case of syphilis in the secondary 
stage in which seven injections of 
calomel had been given, stomatitis 
appearing after the fifth. Some al- 
bumin in the urine was also noticed. 
Nine days after the last mercurial in- 
jection 0.5 Cm. of neosalvarsan was 
given intravenously, two days later 
0.9 Cm., and in two days more' 1.08 
Gm. At least seven hours later a 
mild febrile reaction was noted — 
38.5° C. (101.3° K.), Next morning 
the temperature was normal, but 
some general depression experienced. 
In the afternoon convulsions and un- 
consciousness supervened. Venesec- 
tion and intravenous saline infusion 
brought about some improvement, 
but next morning the convulsions re- 
curred and the patient became cya- 
nosed. 

Death look place notwithstanding 
the use of artificial respiration. The 
post-mortem examination showed 
thrombosis of tbc left ulnar vein; em- 
bolism of the pulmonary artery; 
marked parenchymatous degenera- 
tion of the renal epithelia in the con- 
voluted tubules, with advanced nu- 
clear necrosis. There were no per- 
ceptible changes in the brain. The 
author considers the case one of re- 
tention intoxication due to r.nal in- 
sufficiency. Gcnnerich (Praxis der 
Salvarsanbchandlung, p. 20, 1912). 


The retention of salvarsan in the 
blood destroys the oxygen-carrynng 
property of the latter, and deaths 
after the use of the drug are the re- 
sult of a severe kidney lesion. There- 
fore, every salvarsan injection de- 
mands the minutest control of the 
kidney function. Antoni (Dent. med. 
Woch., March 13, 1913). 

Unsuspected abnormal conditions 
of the heart have lieen held resjion- 
sihle for death after salvarsan. TIuis, 
Martins reports 7 cases of death by 
heart-failure occurring^ at a varying^ 
interval after the administration of 
salvarsan, althouf^h symptoms and 
physical signs of cardiov^ascular dis- 
ease had been cither absent or pres- 
ent only in sligfht deg;Tee. At autopsy 
5 of these cases presented syphilitic 
aortitis, coronary sclerosis, and myo- 
carditis, and 1 a hypoplasia of the 
heart and aorta. Wechselmann pointed 
out, however, that salvarsan does not 
in itself seem to be injurious to the 
heart (this has been clearly es- 
tablished in regrard to the normal 
heart) and that in patients sufferings 
from cardiac disease, especially in 
arterioRclerotics, it is, as a rule, very 
well borne, generally even improving 
syphilitic hearts. In cases like those 
reported by Martins, as well as in in- 
stances of cardiac or renal hypoplasia 
in general, he considers the risk of 
salvarsan injections to reside at least 
in part in the accompanying dimin- 
ished capacity of elimination. The 
same pro1)a]>ly applies to the use of 
salvarsan in cases suffering from 
febrile affections. 

Guinea-pigs were injected with 
“606” ill doses ranging from 0.009 to 
0.12 Gm. per 100 Gm. of body weight 
and succumbed in one to thirteen 
days. In those that died in twenty- 
four hours (dose 0.01 to 0.012) the 
organs were intensely congested and 
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contained hemorrhagic foci. The 
liver was enlarged, the blood-vessels 
engorged, the trabecula? were com- 
pressed, and the hepatic cells around 
the portal radicles were infiltrated 
with fat; the kidneys were cf)ngested, 
especially in the cortex r'' interstitial 
and intralobular hemorrhages and a 
small cortical infarct were also ob- 
served. The spleen was greatly con- 
gested; the Malpighian corpuscles 
w'crc hypertrophied and infiltrated; 
the large white cells were increased 
and filled with blood-pigment. The 
sui)rarenal glands showed medullary 
engorgement. The myocardium was 
congested. The lungs presented basal 
congestion and subjileural lobular 
hemorrhages. The intestines were 
filled with diarrheal material. Tn the 
animals that died on the fourth day, 
similar changes were found. Those 
that lived nine to thirteen days were 
affected to a slighter degree, Gaucher 
(Bull de TAcad. de Med., Nov. 15, 
1910). 

A man had w'ell-compensated mild 
aortic insufficiency, but no other 
jiathological findings were detected 
in the heart. A few days after sub- 
cutaneous injection of 0.3 Gm. sal- 
varsan, signs of heart weakness ap- 
peared, proving fatal on the eleventh 
day. Necropsy revealed unsuspected 
degeneration of the myocardium, 
which had evidently been aggravated. 
Spiethoff (Munch, nicd. Woch., Jan. 
24, 1911). 

Local Untoward Effects. — Intra- 
muscular injections of salvarsan in 
some instances cripple the patient for 
a number of days. An indurated mass 
may be produced which remains for 
months, and even, in rare instances, 
local softening- and evacuation of 
sterile pus may take place. Intense 
pain may be present for as long as a 
week. The swelling, which begins 
about the third day, generally does 
not per se give rise to pain, and 
subsides, for the most part, at the 
expiration of a week, only to be 


replaced, in many instances, by the 
induration already referred to. Heat 
and cold may be alternately applied 
to relieve any discomfort present, or, 
if the skin area becomes hyperemic, 
lead water and laudanum may be 
used. Fluctuation does not indicate 
incision, but at most aspiration, as the 
fluid present is sterile. 

Abscesses after intramuscular in- 
jection result from one of three 
causes: improper preparation of the 
solution or suspension employed, in- 
sufficiently deep injection of the drug, 
and bacterial contamination. Exam- 
ination of the walls of one of the 
cavities showed an incrcas»‘ of fibrous 
tissue, with complete blocking of the 
smaller vessels and lymphatics by 
minute particles of salvarsan. Nu- 
merous small masses of the substance 
were also found in pockel-like cavi- 
ties distributed through the section. 
There were degenerative changes, 
with decrease in amount of both con- 
nective and elastic tissue. Sutton 
(Boston Med. and Surg. Jour., Dec. 21, 
1911). 

Occasional instances of nerve injury 
due to faulty technique in intravenous 
arsphenamin injections have been re- 
ported. If the injection is made into 
or near a nerve sheath the nerve will be 
damaged and sloughing of tissues may 
occur to such an extent as materially to 
interfere with the repair of the injured 
nerves. 

The writer observed 2 cases of such 
injury involving the median and ulnar 
nerves. 

Pain radiating into the fingers dur- 
ing the injection is a warning that the 
solution is not being injected into the 
vein. D. Lewis (Jour. Amer. Med. 
Assoc., June 18, 1921). 

Extensive necrosis occurs only 
after subcutaneous injection. The 
tissues become transformed into a 
brownish mass, surrounded by a 
fibrous capsule. Such necrosis may 
be avoided by injecting the salvarsan 
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at several points rather than in one 
locality alone. It occurs oftener if 
the drug is administered in the 
thoracic region than in the gluteal 
(McDonagh). 

Case of thrombosis after intraven- 
ous infusion of salvarsan. By acci- 
dent, the injection was made else- 
where than in the area sterilized for 
it. The patient was a young man 
who had had veins punctured for the 
Wasserniann test five times and also 
for a second infusion of salvarsan, 
without mishap. The ilirombosed 
vein was resected a month after the 
infusion, and the Streptococcus albus 
was cultivated from it. llausmanii 
(Munch, med. Woch., Dec. 13, 1910). 

Local reaction after the intraven- 
ous method means one or several of 
the following: (1) Infection. (2) 
Injection of the fluid into the cir- 
cumvascular cellular tissue. (3) Pene- 
tration and injection of the wall of 
the vein. (4) Transfixirn of the 
vein and injection into the sublying 
tissues. (5) Too rapid injection. G. 
F. Lydston (N. Y. Med. Jour., Oct. 
21, 1911). 

Untoward Effects from Neosalvar- 
san. — Experience with the newer form 
of the Ehrlich-llata remedy seems to 
have shown that it is in many re- 
spects less likel}^ to produce untoward 
results than the older compound, pro- 
vided certain contraindications and 
details of technique be borne in 
mind, and the injections not given at 
unduly short intervals. Thus, Bayet 
states that fever, nausea, vomiting, 
headache, and general lassitude are 
less often observed with the new rem- 
edy. Stiihmer calls attention to the 
fact that intestinal disturbances and 
collapse are almost never witnessed 
with it, although drug rashes are 
more frequent. Kerl and Schreiber 
confirm these observations. Rytina 
found, upon giving intramuscular in- 


jections of neosalvarsan, that evi- 
dences of a general reaction were 
limited to a few, in which there was 
a slight transient nausea and a rise of 
the temperature up to 99.4° F. McIn- 
tosh and Eildes saw no immediate 
symptoms except diarrhea, though 
what they term a ‘"spirochete fever,'' 
occurring in occasional cases several 
hours after the intravenous injection, 
was associated with nausea and 
vomiting. 14iis fever they do not re- 
gard as an expression of tlie toxicity 
of the drug, but rather as a syphilitic 
anaphylactic phenomenon. Schreiber 
notes that the exanthemata some- 
times following full doses of neosal- 
varsan occur between the eighth and 
the twelfth day. 

The authors have seen no symp- 
toms follow the injection of 1.5 Gm. 
of neosalvarsan excepting diarrhea in 
some cases, unassociated with ma- 
laise. Nausea or vomiting apart from 
.such occurring with the ^‘spirochete 
fever” was absent. McIntosh, Fildes, 
and Parker (Lancet, July 13, 1912). 

In a syphilitic woman, aged 31, the 
phenomena appeared after the fourth 
injection of the third series. Death 
occurred 2 months after the last injec- 
tion. Necropsy revealed extensive 
ulcerative colitis with perforations and 
purulent peritonitis, undoubtedly the 
result of toxic action from the arsenical. 
Bonnet (Jour, de med. de Lyon, May 
20, 1925). 

A few observers appear to have dis- 
sented from the view that neosalvar- 
san is less often followed by toxic 
effects than salvar.san. Wolff and 
Mulzer concluded that it is much 
more poisonous, having observed 
headache, vomiting, and diarrhea in 
14 cases out of 30, a chill in 1 case, ex- 
tensive eruptions in 4, herpes labialis 
in 2, and nephritis, paralysis, and 
other serious phenomena in 1. Kail 
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neosalvarsan, considerably detoxicated by 
the introduction of the metal. It is pro- 
duced by the interaction under certain con- 
ditions of neosalvarsan and silver salvarsan. 
In aqueous solution it does not become 
more toxic after standing a long time in the 
air. Its solubility is almost as good as that 
of neosalvarsan, and it is stated to be as 
well borne and to have a stronger spiro- 
chetf)cidal action. K. Ullmann (Wiener 
klin. Woch., Apr. 6, 1^22) concluded from 
over 2 years of experience with silver sal- 
varsan and neosilver salvarsan that both are 
excellent specifics against syphilis in all its 
stages, lie found them much superior to 
the earlier salvarsan preparations as regards 
local tissue reaction. Fabry and Wolfif 
(Aled. Klin., Jan. 26, 1Q22) treated over 100 
cases with pure neosilver salvar.san in doses 
of 0 2 Gm., increased gradually to 0.3 and 
0.5 Gm. The jireparation was well borne, 
'fhe effect on the visible symptoms of 
syphilis was good and in all ca.ses the serum 
reaction was rendered negative. The writers 
had hopes of overcoming salvarsan derma- 
titis by combined treatment with different 
salvarsan comiiounds. 

Sulpharsphenamin (Sulpharsenol). — The 
therapeutic results from the use of the 
older arsphenamins and silver arsphenamin 
in neurosyphilis leaving much to be desired, 
it has been concluded that the.se compounds 
fail owing to an insufficient penetrating 
pow’er, which leaves some of the parasites 
unkilled, with resulting relapse after cessa- 
tion of treatment. To overcome this defi- 
ciency, other conipound.s — in particular, sul- 
pharsphenamin and tryparsamide — have been 
tried as agents possessed of greater pene- 
trating power. 

Sulpharsphenamin, in which both amino 
radicals of arsphenamin arc stated to be re- 
placed by methylenesulphonic acid groups, 
was first used experimentally and clinically 
in 1919 by Levy-Bing, Lehnhoff-Wyld and 
Gerbay under the French designation sulf- 
arsenoL In a 30 to 40 per cent, solution 
(0.4 Gm. in 1.2 to 1.5 c.c. of distilled water), 
this drug can be injected subcutaneously or 
intramuscularly without excessive irritation. 
According to C. Voegtlin, J. M. Johnson and 
H. Dyer (Pub. Health Rep., Nov. 10, 1922), 
the drug is more stable than neoarsphenamin, 
both in powder and solution ; is of much lower 
toxicity; is eliminated as rapidly by intra- 


muscular as by intravenous injections, and 
possesses greater ultimate sterilizing power 
than neoarsphenamin. The same observers, 
with J. W. Thompson {Ibid., May 11, 1923), 
showed experimentally that penetration of 
the nervous system by the drug, given in- 
travenously, is greater than in the case of 
the older arsenicaks, and is comparable to 
that secured with tryparsamide, claimed the 
most penetrating arsenical yet devised. 

Among the subsequent clinical reports 
W'as that of D. L. Belding (Arch, of Derm, 
and Syph., Apr., 1924), who found the drug 
as effective as neoarsphenamin in healing 
syphilitic lesions, but more apt to produce 
toxic disturbances, esi)ecially upon intra- 
venous use of over 0.7 Gm. a week in a 68 
kg. patient. Dermatitis occurred in 16 per 
cent, of 63 patients, and varying degrees of 
peripheral neuritis, in no case pronounced, 
in 56 per cent, of 44 adult patients receiv- 
ing intravenous injections. In the intra- 
venous cases neuritis occurred only when 
the dose exceeded Ya tb^' maximum stand- 
ard for neoarsphenamin. T.ocal reactions 
occurred oftenest when doses exceeding 0.3 
Gm. were injected. The drug is well suited 
for intramuscular use in adipose women and 
children. 

J. H. Stokes and C. W. Behn (Jour. 
Amer. Med. Assoc., July 26, 1924) dissent 
from Belding’s conclusions as to the fre- 
quent toxic effects from sulpharsphenamin, 
having used a different preparation. They 
reported on 126 patients with all types of 
syphilis who received intramuscularly 1360 
injections of 0.3 to 0.6 Gm. With the 
epifascial technique they found sulpharsphen- 
amin of the brand they used could be in- 
jected without significant reaction and with 
no more discomfort than the ordinary mer- 
curial injection. Doses over 0.4 Gm. should 
be divided between the 2 buttocks. Sub- 
cutaneous injection is therapeutically less 
effective. A 30 to 40 per cent, solution was 
used, and stress is laid on complete empty- 
ing of the 2 c.c. syringe by having a small 
bubble of air above the injection fluid to 
clear the needle. Three per cent, of toxic 
reactions were obtained, 2 patients having 
fever and 2, exfoliative dermatitis. Thera- 
peutically, sulpharsphenamin intramuscu- 
larly proved quite as effective as arsphen- 
amin and neoarsphenamin as to spirillicidal 
action and effect on the blood Wassermann 
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and spinal fluid reactions, the healing of 
lesions, and general well-being. The com- 
pound appeared distinctly superior to the 
older drugs in neurosyphilis and superior to 
neoarsphenamin intravenously in all aspects 
of syphilis. Tt is well borne by patients 
with cardiovascular disorders, if used in 
moderate dosage. 

Sulpharscnol is deemed nearly ideal for 
employment in children by G. Ahman 
(TTvgiea, Aug. 15, 1924). Subcutaneous 
injection in a 6 per cent, solution is pre- 
ferred. In cases in which arsphenamin had 
not given entirely satisfactory results, the 
newer drug proved its efficacy. 

Taking the chemotherapeutic index (f.c., 
the maximum tolerated dose over the mini- 
mum effective dose) as the criterion of 
therapeutic efficiency, G. W. Raiziss, M. 
Severac and J. Aloetsch (Jour. Amer. Med. 
Assoc., Nov. 29, 1924) found that sulphars- 
phenamin, on the basis of tests in rats in- 
fected with Tryfmnosoma cqui/H’rdum, is 
considerably inferior to arsphenamin and 
at most Yi as efficient as neoarsphenamin. 
Its efficiency was practically the same 
whether given intramuscularly or by vein. 

A new arsenical must, according to Fox 
(Am. Jour, of Syph., July, 1925), fulfil at 
least one of four reiiuirenienls to be awarded 
a real place in tbe treatment of syphilis: a 
therapeutic value, in the tolerated dose, 
superior to that possessed by the older 
arsphenamins in the attempted cure of the 
disease; a particular quality in arresting and 
healing certain of the later manifestations of 
the disease resistant to other forms of treat- 
ment; a decided usefulness in those cases 
unable to receive arsenic in the older forms 
because of toxic reaction of one kind or 
another; superior availability because of 
simplification of administration by other 
than the intravenous method, without, of 
course, loss of therapeutic value or increase 
of toxicity. 

The fourth requirement, then, remains the 
only one in which the drug possesses any 
important advantage over the other arsphen- 
amins. Because of the higher incidence of 
systemic reactions following the use of sulph- 
arsphenamin it seems desirable to confine its 
employment solely to those cases in which 
intravenous therapy cannot be used. 

Tryparsamide. — This compound, chemic- 
ally n-phenylglycine-amide-p-arsonic acid. 


was synthesized by Jacobs and TTcidel- 
bergor at the Rockefeller Institute. Its 
arsenic content is 25.32 ])er cent. Its main 
features are given by W. II. Brown and L. 
I’earce (Jour. Amer. Med. Assoc., Jan. 5, 
1924) thus: A moderate degree of trypano- 
cidal action and slight but definite spiro- 
cheticidal action; an unusually high pene- 
trability which enables it to develop a high 
actual as compared with its potential para- 
sit icidal action, and a remarkable power of 
reinforcing processes of natural resistance 
and promoting recuperation. 

Recording 1 year’s experience with it in 
paretics in the Philadelphia General Hos- 
pital, F. G. Ebaugh and R. W. Dickson 
(Jour. Amer. Med. Assoc., Sept. 13, 1924) 
reported encouraging results in 52 cases. 
The drug was given intravenously in weekly 
doses of 3 Gm. (in solution in 10 c.c. sterile 
distilled water) over a period of 10 weeks. 
Eight wTeks’ rest W'as given after each 
course of 10 injections. Careful preliminary 
eye studies were made in each case, and 
optic atrojiby of an> (Kgree was ruled out. 
Of 36 cases in a state of “organic psychosis 
with functional coloring,” 10 w'ere so im- 
proved as to be discharged and return to 
work. In 5 with “transitory psychosis,” all 
were similarly improved. This compared 
wdth only 5 cases discharged from the same 
W'ard in 1922. The drug freiiuently gave 
good results in spite of only meager and 
transitory serologic improvement. There 
was marked improvement in the phy.sical 
condition of all cases, wdth increased hema- 
topoiesis. One case dcvclojicd optic atrophy 
following the first course of tryparsamide. 
Two had neurorelapses, which responded to 
further treatment. The writers regard the 
drug as the best so far advanced for gen- 
eral paralysis. 

Similar conclusions were reached by J. E. 
Moore, H. M. Robinson and R. S. Lyman 
(Jour. Amer. Med. Assoc., Sept. 20, 1924), 
w^ho regard the drug as of particular value 
in early general paralysis, meningovascular 
iieurosyphilis, and the majority of cases of 
tabes. In primary and secondary syphilis, 
and in tertiary syphilis without nervous in- 
volvement, its therapeutic effect is so slight 
as to preclude its use. (Even repeated doses 
of 7 Gm. failed in primary and secondary 
cases). In early neurosyphilis, the com- 
paratively feeble spirocheticidal value of 
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tryparsriniidc its use unless in 

combination with an arsi)benainin. Visual 
disturbances on urred in 17.8 per cent, of 
241 cases, but in only 2.8 per cent, was 
there noteworthy permanent visual injury. 
This untoward elfect may be larf^ely obvi- 
ated by t)phthahnolo)J:ic control of treat- 
ment, yet should restrict the use of the 
dru^? to neurosyphilis and trypanosomiasis. 
Before treatment, the visual acuity, fundi 
and visual fields should be carefull}^ exam- 
ined in each case. Reexamination must be 
carried out at the first appearance of sub- 
jective visual disturbance. At this point, 
objective injury, if present, is usually so 
slight as to leave useful vision if the drug 
is permanently withdrawn. 

P'urther experiences with tryparsamidc 
were reported by 11. C. Solomon and H. R. 
Viets (Jour. Amer. Med. Assoc., Sept. 20, 
1024) who treated about 100 cases of neuro- 
syphili.s. The conclusion reached was that 
in some instances the drug gives results 
better than arc obtainable wnth the older 
methods, but in other cases does not give 
as good results. One effect on the spinal 
fluid was very striking, the cell count being 
nearly always reduced to normal after 6 or 8 
injections. Globulin and total protein were 
somewhat reduced in many cases. The 
other si)inal fluid findings w'cre not more 
improved than‘by other methods. In tabes 
the result.s were, on the whole, good, though 
not as favorable as with the elaborate intra- 
spinal treatment. Four cases in the series 
developed considerable amblyopia, in 3 of 
which a permanent defect remained. 

According to W. I. Lillie (Jour. Amer. 
Med. As.soc., Sept. 13, 1924), ocular changes 
occur as often after arsphenamin as after 
tryparsamidc. The arsenicals appear efii- 
cient in decreasing ocular changes in cen- 
tral nervous syphilis. NefT (Wisconsin Med. 
Jour., Aug., 1925), in the treatment of 15 
cases of optic nerve disorder obtained ex- 
cellent results. Four patients complained of 
subjective eye symptoms. Immediately on 
the development of eye symptoms the treat- 
ment was discontinued and was only re- 
sumed when these had disappeared, or when 
ophthalmologic examinations justified con- 
tinuation. On resumption of treatment 
there was never a recurrence of visual dis- 
turbance. 

As regards the spinal tract, Fordyce and 


Mj^ers (Am. Jour. Med. Sci., July, 1925) 
found in their examinations of the spinal 
fluids of patients receiving injections of 
tryi)arsamide that in this group arsenic was 
absent in 14 per cent., the amounts did not 
exceed those found after other methods of 
admini.stration. In order to oblain these 
results, it is necessary to introduce 7^2 
times as much drug as in other cases. 
Briefly, the dosage is extremely large as 
compared wdth other drugs. Due to the 
rai)id excretion of tryparsamidc, the amount 
of arsenic available for ]HMietration is ex- 
tremely small after the 24-hour period. Ex- 
perimentally, examination of the brain 
shows that 9 times the arsenic concentration 
is maintained in the brain after silver arsphen- 
amin with the use of the amount of 
arsenic injected. It is shc^wn that trypars- 
amide does not possess an unusual i)ower of 
arsenic penetration into the central nervous 
system. 

Pooled Arsphenaminized Fortified Serum. 

— In this procedure, as described by J. G. 
Marthens (Amer. Jour, of Sypli., Apr., 
1924), the serums from 20 to 25 patients re- 
ceiving intensive intravenous treatment are 
jKmred into a common beaker and thoroughly 
mixed. The serum from each is prepared 
by withdrawing 45 to 60 c.c. of blood Yj 
hour after the arsphenamin injection into 
dry .sterile 15 c.c. centrifuge tubes, keeping 
in the ice-box for several hours, and then 
centrifuging for 10 minutes, or until all the 
erythrocytes are excluded. The pooled 
serum is inactivated on a water bath, and 1 
hour before use is “fortified” by addition 
of 0.5 to 1 c.c. of a solution made by adding 
0.5 Gm. of old salvarsan to 150 c.c. of warm, 
sterile distilled w^ater, alkalinizing with 
sodium hydroxide, and diluting 10 c.c. to 35 
c.c. with 0.5 per cent, saline solution. After 
this addition to the serum, inactivation for 
20 minutes is carried out. Upon receiving 
the injection of fortified serum intraspinally 
in paresis, for which the fortified scrum W'as 
created, the patient remains in bed for 48 
hours. The intraspinal injection is preceded 
by an intravenous injection given the day 
before. The first course of treatment com- 
prises 16 weekly intravenous neoarsphen- 
amin injections and 10 intraspinal injections 
of the fortified serum at longer intervals. 
Next mercury inunctions are given daily for 
a month, with potassium iodide by the 
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mouth. This is followed by 3 months of 
rest, next a course of 6 intravenous injec- 
tions followed by mercury rubs, when the 
iodide is Riven again and repealed every 3 
months. 

THERAPEUTICS.— In Syphilis.— 

As the treatment of syphilis by arsent- 
cals is considered in full under the head- 
ing of Syphilis in the eighth volume, 
a summary review of this subject 
will alone ])C submitted in the pres- 
ent connection. 

The effect of salvarsan in syphilis 
is considered to be, at least in major 
part, a direct one upon the causative 
si)irochetes. The remedy is intended 
to combine with the prol()j)lasm t)f 
the parasites and kill the latter with- 
out affecting the cells of the host. 
McIntosh and h'ildes have shown, in 
experimental work on rabbits, that 
the drug possesses spirocheticidal 
power far in excess of that of mercury. 

Arsphciiamin, if used too early in 
the course of the disease, before it has 
had a chance to evolve itself com- 
pletely and stimulate proper resistance, 
leads to a dangerous sitiiatit>n, in which 
the patient is not cured of his sj'philis 
and has a focus of infection left with 
no resistance developed to withstand it. 
This 9 l)scrver deems arsphenaniin 
dangerous in the early stage of syphilis 
unless it can be used to the point of 
eradication; otherwise, it had better be 
omitted, at least for the first 3 months. 
Mercury seems to stimulate immunity, 
and should therefore be used in the 
early course of the disease. W. A. 
Pusey (Atlantic Med. Jour., Jan., 
1925). 

McDonagh refers to the fact that if 
scrapings from a chancre which is 
healing under salvarsan are examined 
before the spirochetes have entirely 
disappeared, the organisms will be 
found “swollen, broken up, and not 
so much curved, but with a swelling 
somewhere along their course/' — this 


swelling ])robably being analogous to 
a spore. 

The minimal concentration of chemi- 
cals reiinired to kill TrcfHVicma pallidum 
of a heavy type was, c)f nu’rcury 
bichloride, 1 to 200,000; arsenic tri- 
oxide, 1 to 30,000; tricresol, 1 to 500; 
salvarsan, 1 to 1000; neosalvarsan, 
about the same as salvarsan. Minute 
quantities of the antiseptics, far below 
the sterilizing ])t)int, were found to 
stimulate markedly the growth of 
spirochetes. The toxic effects of sal- 
varsan were hniiid to be increased 
from two to five times in the presence 
of liver and esi)ecially blood enzymes. 
J. Bronfenbrenner and TT. Noguchi 
(Jour, of Pharmacol, and Exper. 
Therap., March, 1913). 

Pharmac(dogical and clinical evi- 
dence shows salvarsan kills all the 
spirochetes it can reach, while mer- 
cury promotes the immunity reac- 
tions by increasing the ))rotective sub- 
stances in tin* recipient. Schreiber 
(Miinch. med. Woch., Ixi, 522, 1914). 

Studying the influence of salvarsan 
on immunity in infected animals the 
author concluded that the destruction 
of the parasites causes the formation 
of antibodies which take part in the 
final sterilization of the organism and 
produce a temporary immunity. The 
latter lasts but 4 to 15 days, and is not 
transmitted from mother to offspring, 
either directly or through the milk. 
F. V. Verbitsky (Roussky Vratch, 
May 9, 1915). 

In a series of experiments in rabbits 
with syphilitic lesions, the writer tried 
to ascertain the ability of trei>oncmata 
to accustom them.sclves to the action 
of arsenic by injecting minute do.ses of 
arsphenaniin. After a given period he 
transplanted the organism from these 
rabbits to others, which in turn were 
treated wdth slightly larger doses of 
the drug; repealing this procedure 
until the active therapeutic dose was 
reached, lie succeeded in increasing 
the resistance to arsenicals in certain 
strains of treponemata within certain 
limits. J. V. Klauder (Arch, of Derm, 
and Syph., Apr., 1924). 
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The destruction of the spirochetes 
takes place rapidly under salvarsan; 
in a few hours they disappear from 
the primary lesion or papules. 

In addition to its j)arasiticidal ef- 
fect, salvarsan api)ears to improve 
directly the general nutrition of the 
body, after the manner of small doses 
of inorganic arsenic. 

Effect on the Wassermann Reac- 
tion. — Salvarsan changes a positive 
Wassermann reaction into a negative 
one with greater ease than mercury. 
Upon repeated injections of the drug, 
a negative reaction will generally be 
noted in a month to six weeks, espe- 
cially in early cases. The more effi- 
cient and prompt the antisyphilitic 
treatment, whether arsenical or mer- 
curial, has been, the sooner will the 
positive reaction disappear. The lat- 
ter event is by no means, however, to 
be construed as an indication to stop 
treatment, for the negative Wasser- 
mann does not show that the disease 
has already been eradicated, but only 
that it has been changed from an 
active state to one of inactivity for 
the time being. 

In controlling the treatment by the 
Wassermann reaction it must be 
borne in mind that from 10 to 15 per 
cent, of the active late manifestations 
of syphilis give a negative reaction, 
so that, in the face of positive clin- 
ical findings and a negative test, the 
latter may be disregarded in the late 
stages of the disease. The author 
has on several occasions administered 
salvarsan to patients with a negative 
Wassermann wdth the very best re- 
sults. In 1 case with a marked onychia 
involving the nails of the hands and 
feet, a decided change took place after 
the second injection. John A. Fordyce 
(Jour. Amer. Med. Assoc., Oct. 5, 
1912). 

The titration method, when properly 
controlled, is an accurate and delicate 


means of recording the serologic re- 
sults of treatment. In persons with 
old untreated syphilis, appreciable fluc- 
tuations in the Wassermann reaction, 
as a rule, do not occur over a period 
of a few months, although during the 
active stages of the disease “flare-ups” 
may take place from time to time. 
Belding and Holmes (Archives of 
Dermatology and Syphilology, April, 
1924). 

In cases where the reaction has 
been negative for some time a *^pro- 
vocatwc” injection of salvarsan will 
nearly always cause a return of the 
positive reaction in cases where the 
disease has not been definitely re- 
moved. This change takes place usu- 
ally very promptly, the degree of re- 
action being generally most marked 
within twenty-four hours after the 
injection. It does not persist long, 
however, nearly disappearing by the 
fifth day in most instances ((Jen- 
nerich, McDonagh). fn the opinion 
of many observers these provocative 
injections constitute the most reliable 
means at hand to determine just 
when syphilis has been overcome and 
treatment is no longer necessary. 
According to Gennerich, however, 
the negative result of such a test is 
not to be absolutely accepted as proof 
of the eradication of the disease until 
at least eight months have elapsed 
since treatment has been discontinued. 

Indications for Arsphenamin Treat- 
ment in Acquired Syphilis. — Though 
at first brought out by Ehrlich as 
an independently curative remedy for 
syphilis, the drug has, on the whole, 
proven itself more valuable for com- 
bined treatment with mercury. 

The writer makes it a routine prac- 
tice to examine chancres for the 
Spirochceta pallida both by dark ground 
illumination and by the India ink method. 
As soon as the diagnosis is made 0.4 
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Gm. of arsphenamin is administered. 
On the following day 1 grain (0.065 
Gm.) of metallic mercury in cream, 5 
minims (0.3 c.c.) is injected into the 
gluteal region. The patients get 4 
weekly doses of arsphenamin of 0.4 
Gm. or 5 weekly doses of 0.3 Gm., 
followed by an injection of mercurial 
cream the next day. The mercurial 
injections are kept up for another 5 
weeks, making a total of 9 injections. 
Neoarsphenamin or galyl may be sub- 
stituted, in concentrated solution, with 
10 c.c. ( 2 % drams) of freshly distilled 
water. The primary cases, almost 
without exception, gave a negative 
Wassermann reaction after 2 months 
and remained so in the second test at 
the end of another 2 months. The 
secondary cases showed a higher per- 
centage of negative results after the 
first and second tests, but many of 
the tertiary cases were positive after 
the first and second test, showing that 
it is seldom that a positive reaction, 
in a case of tertiary syphilis, is con- 
verted into a negative after a course 
of treatment. French (Pract., May, 
1916). 

No superiority was shown for sulph- 
arsphenamin in treatment of cases of 
neurosyphilis. Evidence was not ob- 
tained that the drug influenced favor- 
ably the clinical course of patients with 
syphilis of the cardiovascular system. 
The drug was found useful in treating 
3 patients who had previously de- 
veloped “shock” or “nitritoid” reac- 
tions after intravenous injections of 
the other arsphenamins. Intramuscular 
injection ceenied to be of considerable 
importance as far as systemic toxic 
reactions were concerned, being the 
method of choice. Dermatitis was 
found to have a relatively high inci- 
dence, showing a total of six cases in 
678 injections. It is important that 
three of these occurred among the 110 
injections administered intravenously 
as compared with only one among 302 
given intramuscularly. J. C. Fox 
(Am. Jour, of Syphilis, July, 1925). 

Very good results were obtained by 
the writer from the intravenous use of 
sulpharsphenamin. In cases of syph- 


ilis which arc Wassermann-negative 
and free from clinical symptoms, sulph- 
arsphenamin seems quite as capable 
of controlling the disease as the older 
arsenicals. In neural syphilis sulph- 
arsphenamin is even more effective 
than arsphenamin or neoarsphenamin. 
Given intravenously, sulpharsphen- 
amin did not produce dermatitis and 
caused practically no constitutional re- 
actions. On account of the absence of 
disagreeable reactions patients submit 
more willingly to treatment with sulph- 
arsphenamin, and, consequently, it is 
indicated in cases in which the maxi- 
mum spirocheticidal effect of arsphen- 
amin and neoarsphenamin is not es- 
sential. Lautman (Arch. Derm, and 
Syph., Feb., 1926). 

Primary Stage . — As there is a dis- 
tinct possibility that, if arsphenamin 
is injected in the primary stage of 
the disease, the infection will be en- 
tirely overcome, and since conclusive 
laboratory methods of confirming a 
diagnosis of syphilitic chancre are 
now available, the course formerly 
recommended, vie., wailing for sec- 
ondaries to appear before beginning 
treatment, is no longer justified. In 
cases where the surgeon is not con- 
vinced from the appearance of the 
lesion that it is syphilitic, little or no 
difficulty will be experienced in ex- 
amining scrapings from the sore by 
the dark ground, India ink, or other 
methods for the detection of the or- 
ganism — Spirochcpta pallida. Where 
doubt is occasioned owing to the 
presence of a double chancroidal and 
syphilitic infection, it will soon be 
dispelled through the fact that the 
lesion will not heal, or will improve 
only temporarily, under the usual 
treatment for chancroid. Upon con- 
tinued observation — until the incuba- 
tion period of the chancre has ex- 
pired — further local disturbance will 
be observed. 
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For the reasons above mentioned, 
an injection of arsphenamin (or neo- 
arsphenamiii) should be given at the 
earliest o])porUniity in primary syph- 
ilis. In a few days the sore will have 
healed. The Wassermann test should 
be tried two .days after the injection 
and, if the test is positive at that 
time, further treatment should be 
given, via., another injection of the 
drug after a suital)le interval, fol- 
lowed by mercurial treatment — pref- 
erably by inunction. Intravenous in- 
jections are much more rapid in their 
action on the chancre and in causing 
the spirochetes to disappear than in- 
tramuscular injections; hence they 
should be given the preference. Ex- 
cision, cauterization or mercurial in- 
unctions of the chancre are no longer 
deemed advantageous measures in in- 
cipient syphilis. 

Of the primary and secondary cases 
anioiiK 350 syphilitics, not one failed 
to clear within a month after salvar- 
san; nearly all in a w^eek to ten days. 
A little pigmentation was not infre- 
quently left, but this cleared grad- 
ually without further treatment. In 
no primary case did a secondary rash 
develop. Tertiary cases, including huge 
ulcerations with splinters of dead bone 
at the base, and measuring in one case 
over two inches across, cleared, granu- 
lated, and healed as fast as epithelium 
could grow over. Congenital cases are 
more obstinate, especially interstitial 
keratitis^ but even this certainly im- 
proves. Tabes, except in the late stage, 
seems greatly to benefit. Not one 
lesion in the 350 cases resisted more 
than three injections, though among 
them were numerous patients treated 
for a long time, thoroughly but unsuc- 
cessfully, with mercury. There were 
about 20 recurrences, all treated early 
with small doses, intravenous or intra- 
muscular, and 2 only with three injec- 
tions given intravenously; in each of 
these latter cases the dose given was 


0.4 Gm. or under. Molesworth (Aus- 
tral. Med. Gaz., Aug. 3, 1912). 

In the early period it may be possible 
with one, two, or three doses to eradi- 
cate the infection. During the second- 
ary stage it is more difficult, and in 
the still older ones still more of the 
drug must be used. The initial dose 
for men should not exceed 0.4 Gm. and 
0.3 Gm. for women, until the sus- 
ceptibility has been tested. In the 
early stage three or four doses, sup- 
plemented by mercury, will in many 
cases cure the disease in from six 
months to a year. The florid stage re- 
quires more intensive treatment — five 
or six doses followed by several mer- 
curial courses are necessary. J. A. 
Fordyce (Jour. Amcr. Med. Assoc., 
Oct. 5, 1912). 

The author recommends 3 full doses 
of salvarsan in the primary stage, the 
first 2 one week apart and the third 
2 weeks from the second. Mercury is 
begun immediately or preceding the 
first salvarsan. From 1 to 2 grains 
(0.065 to 0.13 Gm.) of one of the in- 
soluble salts is given twice weekly for 
four doses; then at weekly intervals 
for 6 weeks, making 10 doses in all. 
No further treatment is given for 2 
months. The Wassermann is then 
taken. If negative, another full dose of 
salvarsan is given and blood taken 24 
hours later for a second Wassermann. 
Even though the Wassermann is nega- 
tive after the provocative salvarsan in- 
jection the second course of treatment 
is given. It consists of another dose 
of salvarsan in 3 weeks and, subse- 
quently, 6 mercury injections. No 
further treatment is given, but the 
patient is watched for a year. If posi- 
tive, the courses are continued as at 
first, but salvarsan is given at 2-week 
intervals. After repeated courses of 
mercury injections, a short course of 
potassium iodide is indicated. J. L. 
Murray (Ohio State Med. Jour., Sept., 
1917). 

In the primary stage, the writer 
counsels the following: Neoarsphen- 
amin, 0.9 Gm., or arsphenamin, 0.3 
Gm., intravenously twice a week for 2 
weeks, then once a week for 6 weeks; 
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at the same time, inunctions of 50 per 
cent, mercurial ointment on alternative 
days, continued up to 30 inunctions; 
repeat entire course after a rest of 3 
weeks; another 3 weeks’ rest; if Was- 
scrmann is then negative and no evi- 
dence of syphilis exists, mercury by 
mouth (or injections or inunctions) to 
be taken 3 weeks out of 4. It is sus- 
pected that generalization of infection 
may take place even though the Was- 
sermann does not become positive for 
a year. Schamberg (Penna. Med. 
Jour., Jan., 1922). 

The abortive treatment should consist 
of al)out 10 intravenous arsphenamin 
injections of 0.2 to 0.4 Gm. each, with a 
suitable mercury preparation given 
simultaneously in the same syringe. A 
positive Wasscrniann docs not neces- 
sarily preclude successful abortive 
treatment. When the arsenical is be- 
gun within 3 weeks after infection, 90 
per cent, of cures can be expected; if 
in 4 weeks, 75 or 80 per cent.; if in 5 
weeks, 50 or 60 per cent., and if in 6 
weeks, 40 per cent. Several after- 
treatments should be given even after 
apparently successful abortive treat- 
ment. R. Polland (Wien, klin. Woch., 
Feb. 14, 1924). 

Secondary Stage. — In secondary 
case.s Schamberg advocates 3 courses 
of the arsenical and mercurial treat- 
ment above referred to during the 
first year and 2 during the second. 

In the intervals mercury may be 
taken by mouth. There has been 
too much tendency to regard a nega- 
tive Wassermann as evidence of ex- 
tinction of the infection. Not infre- 
quently it is negative in the presence 
of a circumscribed tertiary skin lesion 
or in certain cases of visceral syph- 
ilis. Early negative Wassermanns 
after brief treatment should be dis- 
regarded. Every patient must receive 
an irreducible minimum of treatment, 
otherwise his future is uncertain. 
Wassermanns should be taken from 
tinie to time for 2 years, and mercury 
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continued even in the face of a nega- 
tive outcome. 

There is no uniformity of opinion 
as to a standard treatment of syphilis. 
Many give 0.4 to 0.6 Gm. of arsphen- 
amin or 0.75 to 0.9 Gm. of neoars- 
phenamin weekly, in conjunction 
with mercury injections or inunc- 
tions, continued for 6 weeks, followed 
by a month’s rest, then other courses. 
Pollitzer has advocated 3 successive 
daily doses of arsphenamin, 0.4 to 0.6 
Gm., or neoarsphenamin, 0.9 Gm., fol- 
lowed by weekly intramuscular injec- 
tions of mercury salicylate for 8 
weeks; a month’s rest; repetition of 
treatment ; 2 months’ rest, and a third 
course. The PVench often give as- 
cending weekly doses of the arseni- 
cals, 0.1, 0.2, 0.3, up to 0.6 Gm., to 
avoid complications from hypersus- 
ceptibility. Vigorous associated use 
of mercury may readily irritate the 
kidneys, reduce arsenic elimination, 
and thus react on the liver. Com- 
bined arsenical and mercurial treat- 
ment is no doubt more active and 
rapidly curative than either drug 
alone, but intramuscular injections of 
insoluble mercury should not be giien 
during the regular arsenical treatment. 
( Schamberg. ) 

Conservative method of arsphen- 
amin therapy in syphilis strongly ad- 
vocated, on the basis of 1133 cases of 
syphilis, involving 10,589 serological 
examinations. Of the 456 cases under 
observation sufficiently long to permit 
of deductions, 367, or 80 per cent., were 
clinically and serologically negative for 
2 or more years, this negative phase 
being reached by 154 cases with only 1 
administration of arsphenamin or neo- 
arsphenamin, and in 107 cases with 
only 2 administrations. Every case 
received a full commensurate dose of 
arsphenamin (0.6 Gm. — 10 grains) 
which was not repeated for 4 to 6 
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months, except in the face of a threat- 
ening and serious clinical manifesta- 
tion. A serological examination was 
made every 30 days for the first 6 
months. If there was no material 
change for the better, or the serological 
examination showed a relapsing char- 
acter, treatment was repeated at the 
end of the first 4 months. If the sero- 
logical examination showed improve- 
ment but was not negative, or if there 
were fairly well defined clinical mani- 
festations, treatment was invariably re- 
peated in 6 months. This plan was 
continued until the patient became 
persistently serologically negative and 
devoid of all clinical manifestations. 
Good results are obtained if antispecific 
remedies are entirely removed for a 
period of several months and tem- 
porarily replaced by general tonic 
treatment. The author decries par- 
ticularly the long-continued adminis- 
tration of small fractional doses, a form 
of treatment especially prone to estab- 
lish arsphenamin tolerance. Ai. L. 
Heidingsfeld (Jour. Amer. Med. Assoc., 
Aug. 10, 1918). 

Injections of arsphenamin given 
at 72-hour intervals in selected cases. 
Ninety-eight injections were given to 
22 patients. There was no untoward 
result, though a number gave the usual 
reactions of nausea, vomiting, diarrhea, 
and headache. The dose of the drug 
employed was 0.4 Gm. per 150 pounds 
of body weight, given in 70 c.c. (2% 
ounces) of distilled and double boiled 
water. All injections were given in the 
office and the patient allowed to go 
home immediately. In 18 of the 19 
patients with positive Wassermanns, 
the reaction promptly became negative. 
Hazen (Amer. Jour, of Syphilis, Oct., 
1918). 

The skin and mucous membrane 
lesions of the secondary type rapidly dis- 
appear under arsphenamin. Macular 
eruptions begin to fade within twelve 
hours after an intravenous injection 
and a few days later are entirely 
gone. Mucous patches, condylomata, 
and secondary periostitis likewise 


often disappear in two or three days, 
— a much shorter period than is the 
case with mercurial treatment. Pap- 
ular eruptions are not so promptly 
removed, especially when the individ- 
ual lesions are of large size, and after 
they have been overcome pigmented 
spots may persist for some time at 
their sites. Pustular lesions show 
prompt improvement, however, espe- 
cially if suitable local detergent and 
antiseptic treatment is simultaneously 
applied. Recurrent syphilides, includ- 
ing lichen syphiliticus, generally dis- 
appear more rapidly than the first, 
though the papular and squamous 
forms may still prove obstinate. 
Other manifestations of secondary 
syphilis, such as joint and bone pains, 
nocturnal headache, and alopecia 
come to an al^rupt standstill when 
arsphenamin is given. 

The author made 516 injections of 
salvarsan in 395 patients, of whom 
382 w^ere syphilitic. The majority of 
the injections (396) were made intra- 
venously. With the exception of 37 
recurrences, the results were very 
satisfactory. In 2 cases of syphilis 
complicated, 1 by a grave nephritis 
and the other by diabetes, repeated 
injections of fractional doses of sal- 
varsan were not followed by any re- 
action. Neither the nephritis nor the 
diabetes was benefited. Two pa- 
tients with relapsing fever recovered, 
the spirochetes disappearing eight 
hours after the injection. In 1 case 
of tuberculosis of the throat and in 
2 cases of cerebral tumors the results 
from treatment with salvarsan were 
negative. Galpern (Roussky Vratch, 
June 16, 1912). 

Intense headaches, often so per- 
sistent during the secondary and ter- 
tiary stage, of the disease and due to 
a low-grade meningitis, usually remit 
with remarkable rapidity under sal- 
varsan. J. A. Fordyce (Jour. Amer. 
Med. Assoc., Oct. 5, 1912), 
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Especially remarkable are the re- 
sults obtained in the “malignant” 
forms of syphilis in which mercury 
has failed and the patient is suffering 
from anemia, severe ulcerations of the 
mucous membranes, and gummata of 
the skin. Cases of syphilis compli- 
cated with tuberculosis of the lungs 
have been reported in which arsphen- 
amin produced an excellent effect on 
both diseases. 

Cases of syphilis complicated by 
pulmonary tuberculosis should re- 
ceive salvarsan, which is not only of 
value in improving the syphilis, but 
actually by its good effect on n;e- 
labolisni benefits the tuberculosis. 
Where cavities are present in the 
lungs intramuscular rather than in- 
travenous injections should be em- 
ployed. S. Pollitzer (N. Y. State 
Jour, of Med., June, 1911). 

Tertiary Stage. — In this stage in- 
tensive treatment is ordinarily to ])e 
avoided, for rapid cure is unlikely 
and powerful remedies may do actual 
harm. Moderate doses of arsphen- 
amin may be given and followed by 
small doses of mercury. The iodides, 
while not directly spirocheticidal, 
have an admirable influence. Some- 
times suspension of specific medica- 
tion and correction of digestive, nerv- 
ous or other disturbances is of great 
advantage. Patients over 50 years of 
age without evidence of active vis- 
ceral or neurosyphilis should not be 
vigorously treated even though they 
have a strongly positive Wassermann. 
At all times, careful attention should 
be paid to danger signals such as renal 
irritation, jaundice, and itching or 
cutaneous eruption. 

Under the influence of treatment, 
particularly with salvarsan, the speci- 
fic infiltrations persist for some time, 
though the diffuse leucocytic infil- 
trations disappear more rapidly. The 


early institution of treatment and the 
administration of salvarsan at frequent 
intervals markedly influence the quality 
and rapidity of disappearance of the in- 
filtrations. Endarteritic changes are 
strikingly affected by treatment. Fol- 
lowing salvarsan, the elastic fibers 
undergo further injury, and may dis- 
appear entirely; in other words, clas- 
tic tissue is less affected by the living 
st)irochetes than by their endotoxins. 
Rohrbach (Munch, med. Woch., Bd. 
lix, S. 967, 1912). 

Arsphenamin also causes a great 
improvement in the patient’s general 
state, bringing about an increase in 
the body weight, a subjective feeling 
of marked physical and mental better- 
ment, increased appetite, and relief 
from such comi)laints as headache, 
giddiness, precordial pain or oppres- 
sion and palpitations (McDonagh). 
As in the secondary stage, obstinate 
ulcerations of the pharynx and larynx, 
causing dysphagia and sometimes 
pronounced stenosis of the respiratory 
passages, can be promptly relieved 
with the remedy. Such uncommon 
but . troublesome manifestations as 
serpiginous syphilides, chronic glos- 
sitis, Meniere’s syndrome, pulmonary 
syphilis, and syphilitic arthritis can 
be more or less rapidly overcome by 
intravenous injections of the drug. 

In the tertiary stage the infecting 
cause is not readily attacked, as the 
lesions are in the deeper, firmer 
structures. Large doses of salvarsan 
are not indicated, except in very 
rapidly progressive and destructive 
lesions. It should rather be given so 
as to be effective constantly, i.e., the 
dosage should be small, 0.3 Gm. given 
once a week, or once in two weeks. 
As salvarsan has no action in break- 
ing down pathological tissue, it is 
necessary to give the iodides, which 
should be administered in increasing 
dosage except in laryngeal conditions 
in which much narrowing of the 
lumen is present. ' 



212 DIOXVIJIAMIDOAKSENOBENZOL, SALVARSAN, OR 606 (SAJOUS). 


When the patient appears cured, 
the iodides should not be discon- 
tinued, l)Ut Riven reRiilarl^^ whereas 
salvarsan should now be given every 
six or eight \^eeks in the dose of 0.3 
Gni. for st'vcral doses. Then all 
medication should cease and bl(M>d 
exai]jinalions be carried out every 
five or six weeks for several months. 
F. W. White (Laryngoscope, Sept., 
1912). 

According;- to McDonag;-h, any case 
of tertiary syi)hilis can 1)C cured if 
the treatment is carried out with suffi- 
cient energy and ])ersistence, — at least 
a pennaneiitly negative Wassennanii 
reaction can be secured. In tertiary 
cases where there are no sym])toms 
but the Wassermann is positive, sal- 
varsan is hardly necessary ; for if 
symptoms a])pear at any time, they 
can be quickly eradicated with the 
drug. In patients coming under ob- 
servation with definite tertiary symp- 
toms, however, salvarsan, mercury, 
and potassium iodide may be used 
simultaneously. 

To render the Wassermann con- 
stantly negative in these cases, about 
3 Gm. of salvarsan will, in general, 
be required. 

In a comparative study, salvarsan 
was given intravenously in an in- 
itial dose of 0.3 Gm. (5 grains) and 
in subsequent doses of 0.6 Gm. (10 
grains); neosalvarsan, in 0.45- and 
0.9- Gm. (7 and 14 grains) doses. 
The disappearance of the lesions was 
equally rapid and complete. Reac- 
tions were much more frequent after 
salvarsan than neosalvarsan. Sero- 
logically, neosalvarsan seemed de- 
cidedly the better drug, there being 
40 per cent, of negative reactions as 
against about 7 per cent. A course 
of 4 injections of either drug alone 
is insufficient treatment, and should 
always be followed by mercurial treat- 
ment. More than 4 doses of the 
arsenical should also usually be given. 


Trimble and Roth well (Jour. Amer. 
Med. Assoc., Dec. 30, 1916). 

Favorable report on silver-sodium 
salvarsan, placed on the market by 
the bacteriologist Kolle. The pro- 
duct possesses an energetic action in 
much smaller doses than neosalvar- 
san. This higher efficiency is due to 
the combination of metallic silver 
■with the salvarsan. Galewski (Deut. 
med. Woch., Nov. 28, 1918). 

Lesions of the Organs of Special 
Sense . — Although the occasional appar- 
ent untoward effects of salvarsan on 
certain of the cranial nerves at first 
tended to discount its value in syiih- 
ilis of the special sense organs, sub- 
sequent experience fairly definitely 
showed the drug to be equally as use- 
ful in involvements of this nature as 
in overcoming the superficial — skin 
and mucous membrane — manifesta- 
tions of the disease. Such serious 
phenomena as iritis, iridocyclitis, in- 
terstitial keratitis, optic neuritis, neu- 
roretinitis, chronic otitis media and 
deafness, aphonia, syphilitic nasal 
catarrh, and progressive deformities 
of the nose and palate, alike yield 
more or less rapidly to arsphenamin. 

Many of the so-called bad results 
of injections of “606” are similar to 
the lesions which one might quite 
easily find in the ordinary course of 
sjqdiililic infections. The best re- 
sults from its use were obtained in 
cases of iritis, but lasting good re- 
sulted in 1 case of typical heredo- 
syphilitic keratitis. F. de Lapersonne 
and Andre Leri (Arch, d’ophtah, Jan., 
1911). 

Salvarsan is very effective in sec- 
ondary and tertiary manifestations of 
the uveal tract. It causes no appre- 
ciable subjective or objective symp- 
toms on the healthy eyes of syph- 
ilitics. Rosenbaum (Med. Rec., July 
22, 1911). 

Eye cases classified into three 
groups: those in which good results 
are produced, those in which the re- 
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suit is doubtful, and those in which 
the effect of salvarsan is neutral. To 
the first group belong iritis and 
iridocyclitis, as well as probably de- 
scending optic neuritis and atrophy. 
Doubtful cases are those of choked 
disk and certain cases of ascending 
neuritis. No benefit can be ex- 
pected in vitreous opacities, nor in old 
myosis or mydriasis. Dolganoff (Berl. 
klin. Woch., Nov. 6, 1011). 

The author has given salvarsan, 
with rapid and marked benefit, in 
several cases of retinochorioiditis with 
sudden blindness. When the optic 
nerves are diseased, even in an ad- 
vanced stage, and in emergency con- 
ditions, he does not fear to admin- 
ister salvarsan; but he gives it only 
intravenously, as all the cases of in- 
volvement of the crajiial nerves fol- 
lowing the use of salvarsan have oc- 
curred where the drug had been used 
intramuscularly. Neuritis of cranial 
nerves after salvarsan is merely co- 
incidental and only a syphilitic inflam- 
mation of the nerve proper without 
connection with the arsenic. Yet it 
is a wise precautionary measure to 
have an ophthalmoscopic examination 
made preceding the intravenous use 
of salvarsan. J. L. Boehm (N. Y. 
!Med. Jour., Dec. 2, 1911). 

Report of 2 cases of acute iritis 
with condyloma, in which there were 
rapid subsidence of the inflammatory 
symptoms and disappearance of the 
condyloma following injection of sal- 
varsan. The treatment caused entire 
disappearance of the inflammatory 
symptoms in eleven days in a case 
of chronic general uveitis. In a case 
of a low form of long-continued 
general uveitis, there was no imme- 
diate result. In 4 out of 5 cases of 
interstitial keratitis treated, there was 
a rapid disappearance of circumcor- 
neal injection, photophobia, and lachry- 
mation. In 3 cases there was no ex- 
ceptional rapidity in the clearing of the 
corneal infiltration. F. E. Cheney 
(Boston Med. and Surg. J^ur., Dec. 
21, 1911). 

Salvarsan is of value in syphilis of 
the ear, especially in recent aural 


lues. In old aural lues its use should 
be guarded, especially if there is de- 
generation of the cochlear or vestib- 
ular nerves. If it is injected while 
the child is young, it may be useful 
in congenital deaf-dumbness. Voor- 
hees (Amer. Med., July, 1912). 

Syphilitic lesions in the throat 
healed wdth remarkable rai>idity under 
.salvarsan, although most of them had 
resisted treatment by the older methods. 
Laryngeal syphilis has shown less 
marked improvement, owing perhaps 
to ulceration, scar tissue, ankylosis of 
the arytenoids, etc. F. C. Cobb 
(Laryngoscope, Sept., 1912). 

Neosalvarsan i)refcrred for affec- 
tions of the anterior parts of the eye, 
and salvarsan for affections of the 
retina and optic nerve, est^ecially 
wdien the nervt)us system is attacked 
in any way. J. Igersheimcr (Ophthal- 
moscope, Nov., 1912). 

Occasionally, resistant ulcerations 
(particularly those of the pharynx) 
are met which improve uj) to a cer- 
tain point, and then cease to improve 
under salvarsan only to yield to vac- 
cine treatment. Sometimes a case 
with well-marked polymori)hic rash 
is seen, and the entire eruption is 
looked on as syphilitic. Salvarsan is 
given, and after one or two injec- 
tions almost the whole rash is gone, 
but patches of eczema or some other 
type of rash are left. L. Kilroy (Lan- 
cet, Feb. 1, 1913). 

In ocular syphilitic lesions the writers 
procedure in treatment, from the time 
the di.seasc has become generalized, i.c., 
after 40 days have elapsed, consists in 
first giving a daily intravenous injec- 
tion of mercury cyanide, 0.01 Cm. (% 
grain), for 4 days; then, 10 injections 
of neoarspheiiamin, in weekly injec- 
tions increasing from 0.15 to 0.9 Gin.; 
between these, mercury cyanide, 0.01 
Gm., every other day, and once weekly, 
6 drops of arqueritol (a gray oil and 
silver preparation) intramuscularly. 
Three such courses are given in the 
first year, with re.st intervals of 1 
month and 2 months. The second year 
3 series of 8 injections of neoarsphen- 
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amin are given, and the third year, 3 
series of 6 injections, with mercury 
cyanide between as before. Blanchard 
(Ann. d’ocul., Sept., 1924). 

The so-called "'neurorecurrences/' 
consisting usually of lesions of the 
auditory and optic nerves appearing 
after a single injection of salvarsan, 
and which have been the subject of 
much discussion, are no longer con- 
sidered due directly to the action 
of the drug — as was the case with 
atoxyl and arsacetin — but to a tem- 
porary accentuation by the drug 
of syphilitic nerve-lesions previously 
present. Only in 1 case — that of Fin- 
ger — in a series of 30,000 patients 
with previously healthy eyes, treated 
with salvarsan, did Ehrlich find optic 
atrophy. In this instance the patient 
had received previous treatment with 
the other arsenicals; hence it is 
recommended not to use salvarsan 
where atoxyl or related compounds 
have already been administered. 

The '^neurorecurrences*' appear es- 
pecially in early syphilis, and rather 
constantly within a period of several 
weeks after the injection. It is 
generally recognized — notwithstand- 
ing the fact that greater care in the 
observation of the cases is now cus- 
tomary than formerly, and some cases 
are now recorded which would most 
likely have been missed in earlier 
years — that these “relapses” do occur 
after salvarsan oftener than other- 
wise, and must in some way, at least 
in a certain proportion of cases, be 
referable to the drug. Where the 
cochlear nerve alone is involved, deaf- 
ness, either rapid or gradual, is com- 
plained of, while if the vestibular 
nerve is at fault there occur dizzi- 
ness, tinnitus aurium, nystagmus, and 
vomiting. The ocular complications 


lead to headache, photophobia, con- 
junctivitis, and dimness of vision. 
Other cranial nerves sometimes in- 
volved are the facial, oculomotor, 
trochlear, abducens, and trigeminal. 

Inflammation of the optic, auditory, 
facial, and other cranial nerves has 
developed in a minute percentage of 
cases after the use of salvarsan in 
syphilis. The same complications 
may occur spontaneously or after the 
use of mercury. A risk is incurred in 
discontinuing antisyphilitic treatment 
for a long period in early syphilis, 
after a single injection of salvarsan, 
particularly when given subcutaneously 
or intramuscularly. Schamberg (Jour. 
Amer. Med. Assoc., May 20, 1911). 

Salvarsan has a favorable effect on 
the secondary aural affection in that 
it eliminates the primary focus of the 
disease, e.g., the plaques in the throat, 
and is therefore preferable to mer- 
cury in certain cases. Wherever the 
internal ear is normal, there are no 
otic contraindications to salvarsan. 

It is almost pathognomonic that 
ear affections appearing independ- 
ently of cutaneous symptoms occur 
four to eight weeks after the injec- 
tion of the salvarsan. A second dose 
of salvarsan is contraindicated in 
such cases of nerve affection. The 
safest therapy is a strong mercurial 
treatment. 

In otosclerosis the nerve-elements 
of the ear are involved in the patho- 
logical processes and salvarsan is 
contraindicated. In 2 cases the hear- 
ing, according to the patients, grew 
rapidly worse after salvarsan. 

Whether salvarsan is indicated in 
hereditary luetic deafness is still an 
open question, for, on the one hand, 
considerable improvement in the func- 
tional activity of the ear has been 
noted, and, on the other, an equally 
marked deterioration. Oscar Beck 
(Laryngoscope, Sept., 1912). 

That these disturbances are not 
due directly to the drug is indicated 
by the fact that they are usually im- 
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proved or entirely overcome by fur 
ther injections of salvarsan or by 
mercurial treatment. Roscher advises 
the routine administration of mercury 
before the former drug is given at all, 
in secondary stage cases with well- 
developed lesions, while McDonagh 
states that since making it a rule to 
repeat salvarsan within an interval of 
a few days, and to combine it with 
mercury, he has had no more cases of 
cranial neuritis. 

Cases of permanent involvement of 
the auditory, ocular, and other cranial 
nerves, even where salvarsan had 
been repeated, have been met with, 
but their number is small in com- 
parison with that of cases similarly 
afflicted which have not been treated 
with salvarsan (Carpenter). 

The partial non-success of salvar- 
san in lues is due not to the drug, but 
to the disease — foci hard to penetrate 
or reach, local reactions due to set- 
ting free of the endotoxins. Improve- 
ments are not to be sought in a new 
drug, but in improved modes of ap- 
plication of the present one. P. 
Ehrlich (Munch, med. Woch., Nov. 
21, 1911). 

Aural symptoms non-specific in 
origin do not contraindicate the ad- 
ministration of salvarsan, and if they 
are caused by some process specific 
in nature they furnish a positive indi- 
cation for it. The contention of 
some that the remedy is not to be 
given in mild degrees of impairment 
of hearing or in unilateral deafness 
on the ground that it is liable to 
destroy the remaining hearing power 
is not supported by the facts. C. E. 
Perkins (Laryngoscope, Sept., 1912). 

Report of 5 cases, 3 of which 
strengthen the view that salvarsan 
may be specially harmful to nerve 
tissue. The fourth patient returned 
with acute iritis within 6 months 
after a negative Wassermann had 
been produced by salvarsan, and this 
iritis yielded at once to mercury. 


There had been no chance of rein- 
fection. The fifth case likewise was 
pronounced cured, with a negative 
Wassermann, but within 18 months 
he was suffering from acute choroid- 
oiritis. In interstitial keratitis mer- 
cury has given the writer much bet- 
ter results. Treatment with salvarsan 
is not devoid of danger, and has not 
been proved superior to mercury. Fer- 
gus (Arch, of Ophthal., Jan., 1918). 

The immediate cause of the neuro- 
recurrences, which are generally uni- 
lateral, appears to be usually an in- 
flammation of the trunks of the cranial 
nerves concerned. The consequent 
enlargement is believed to bring 
about pressure upon the nerves at 
points where the surrounding tissues 
— as in bony canals — are unyielding, 
functional paresis or paralysis being 
the result. The inflammation itself, 
in turn, is probably due to the activity 
of spirochetes locked up in the nerves 
and not killed — but perhaps, on the 
contrary, stimulated — by the first in- 
jection of salvarsan. That the Was- 
sermann reaction in these cases is 
negative seems due to the fact that 
the organisms locally present are not 
numerous enough to bring about 
antibody formation and itself also 
tends to substantiate the assumption 
that these organisms are in a seques- 
trated and sheltered situation where 
it is difficult for the salvarsan to 
reach them in sufficient amount. 

Early ncurorecurrences are due to 
acute edema resulting from rapid 
death of spirochetal foci (particularly 
in nerves running through a rigid 
canal, like the auditory nerve), and 
can be compared to the erythematous 
skin eruptions noted where drugs are 
given. In a large series of cases ob- 
served, 194 early neurorecidives oc- 
curred after salvarsan injection, and 
123 after mercury injections, — no 
very great disproportion. Late recur- 
rences in the nervous s>^stem are due 
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to the fact that all but a few spiro- 
chetes, at some site not readily 
reached by the arsenic, have been 
killed, and that these organisms then 
have the opf*rtunity to grow unhin- 
dered with greatly increased rapidity. 
Such nervous recurrences take place 
almost exclusively in the early sec- 
ondary period, when there are most 
spirochetes in the body. That the 
arsenic is not at fault is shown in 
that they do not take place in the 
early stages of syphilis; that the 
nervous sjonptoms are cured by sal- 
varsan; that in other spirilloses 
(frambesia, recurrent fever, etc.) no 
toxic symptoms ever arise. P. Ehr- 
lich (Munch, med. Woch., Nov. 21, 
1911). 

Ncurorccidivcs after salvarsan treat- 
ment vary markedly in the different 
clinics and seem to be particularly 
c(»nspicuous in certain quarters. This 
gives rise to the suspicion that 
Ehrlich’s injection rules are not fol- 
. hmed scrupulously. When the solu- 
tion is not injected immediately after 
its preparation, or when the solution 
during its preparation is stirred too 
vigorously, oxidation products are 
formed, much more poisonous than 
salvarsan, which probably have an 
affinity for the central nervous sys- 
tem. Cronquist (Munch, med. Woch., 
Nov. 12, 1912). 

Syphilis of the Nm^ous System , — 
In nervous conditions dependent on 
wsyphilis the efficacy of salvarsan de- 
pends upon whether the condition 
present is merely one of inflamma- 
tion with a possibility of complete 
resolution or has already led to de- 
struction of nerve-cells, Among^ the 
first category are cases of cerebral or 
cerebrospinal syphilis, associated with 
a cortical or basal syphilitic menin- 
gitis, and manifested by headache, in- 
somnia, irritability, psychic disturb- 
ances, dizziness, epileptic seizures, 
signs of involvement of cranial or 
spinal nerves, such as ophthalmo- 


plegia, etc. These are the disturb- 
ances which generally occur within a 
few years after the infection and de- 
velop with considerable rapidity. In 
these the administration of salvarsan 
in doses not exceeding 0.3 Gm. will 
generally produce a notable and some- 
times a most striking improvement. 
This drug should not be given, how- 
ever, until after the stage of acute in- 
flammation has passed, for a fatal end- 
ing, owing to primary aggravation of 
the process and pressure on intra- 
cranial centers, has been known to 
occur where this rule has been disre- 
garded. Even at best, convulsive 
phenomena and temporary local paral- 
yses may follow the administration of 
the drug. In recent cases of hemi- 
plegia due to thrombosis, salvarsan 
should not be given, as there is dan- 
ger of an excessive inflammatory re- 
action and of hemorrhage due to soft- 
ening of the thrombus. Mercury in- 
unctions should be used instead, and 
salvarsan not resorted to unless mer- 
cury loses its effect (McDonagh). 

Case of severe trigeminal neuralgia 
in a woman who had never had any 
symptoms of syphilis, but whose 
serum gave a positive reaction, which 
was cured after an intramuscular in- 
jection of O.S Gm. in clear alkaline 
solution. Severe neuralgic pains in 
the legs in 2 syphilitics, twenty years 
after infection, disappeared after one 
intravenous injection of 0.4 Gm. in 
each case. Browning and McKenzie 
(Brit. Med. Jour., Sept. 23, 1911). 

Seventy-five patients suffering from 
syphilitic nervous disease treated with 
salvarsan. The treatment is effect- 
ive, but in order to get its best re- 
sults large doses must be given and 
frequently repeated. Of 36 cases of 
tabes in various stages 22 showed 
striking and some remarkable im- 
provement, both subjective and ob- 
jective. In 2 cases the pupils re- 
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gained their capacity to react to 
light. The results were incomparably 
better than those obtained by mer- 
cury. Salvarsan was given in 9 cases 
diagnosticated as general paresis. Tn 
2 doubtful cases and 1 undoubted 
case of paresis great improvement 
took place. Gratifying respc^nse was 
observed in cases diagnosticated 
meningitis and meningomyelitis. Tn 
only 2 out of 6 cases of cerebral en- 
darteritis of luetic origin was any per- 
ceptible improvement observed. 

The average dose of salvarsan for 
an individual suffering from diseases 
of the central nervous system whose 
vitality is not conspicuously impaired 
is 0.6 Gm. In patients whose blood- 
pressure is high (above 165 mm. by 
the Stanton apparatus) and in whom 
there is very distinct evidence of car- 
diovascular degeneration, not more 
than one-half a dose should be given 
the first time. Tf the first adminis- 
tration is not followed within a fort- 
night by a chemical and microscopic 
evidence of cessation of activity of 
the wsypbilitic poison and the patho- 
logical process conditioned by it 
(negative Wassennann reaction, dimi- 
nution of globulin, profound numer- 
ical reduction of lymphocytes in the 
cerebrospinal fluid), the dose should 
be repeated. The second dose should 
be the same as the first, unless some 
special reason exists for increasing or 
diminishing it. On the other hand, if 
the first dose is followed by indica- 
tions of cessation of activity of the 
pathological process, the second dose 
should be delayed for from six weeks 
to three months. 

One feature of salvarsan therapy of 
organic nervous diseases is the enor- 
mous physical uplift which many pa- 
tients get, shown not only by a feel- 
ing of well-being and improvement, 
but by an increase of weight. Collins 
and Armour (Jour. Amer. Med. 
Assoc., June 22, 1912). 

Excellent results obtained with sal- 
varsan in 48 cases of various syph- 
ilitic affections of the central nervous 
system. In luca cerebri there was 
improvement or disappearance of 


facial paralysis and hemiplegia in 66 
per cent, of the cases. Contractures 
disappear and convulsions are soon 
checked. Writing and general mus- 
cular power will approach the normal 
and pain and the paresthesia are 
alleviated, lii 10 cases the psychic 
condition became normal and in 2 
there w^as considerable improvement. 
In cerebrospinal lues, the gait was 
restored in 25 per cent, and there was 
decided improvement in the bladder 
and sexual functions. The general 
condition was usually influenced to a 
marked degree. In the initial stages 
of tabes the patellar reflexes may re- 
turn and the ataxia, Romberg’s 
.symptom, gastric crises, lancinating 
pains and other pains may disappear 
entirely. In dementia paralytica, in 
the beginning stages, the pupillary 
reaction returned in 3 out of 28 cases 
and the tendon reflexes in 1 case. In 
4 cases the gait was improved and in 
11 cases the speech became more dis- 
tinct. In a fair percentage, memory 
and the general intelligence returned, 
while in 3 cases the patients could 
again return to their vocation. Mer- 
cury and potassium iodide should be 
used in combination with the salvar- 
san, and in paretic dementia it is of 
advantage also to employ injections 
of sodium nuclcinate. J. Donath 
(Miinch. med. Woch., Oct. 22, 1912). 

Lumbar puncture in 115 syphilitic 
patients showed that the pressure of 
the fluid and lymphocyte count pres- 
ent changes, sometimes very marked, 
in the preroseolic period and, espe- 
cially, in the early secondary period. 
These correspond to a meningoen- 
cephalitis, and are sometimes accom- 
panied by symptoms such as head- 
ache, vertigo, hyperacusia or hypo- 
acusia, and evidences of paresis or 
paralysis of the oculomotor or facial 
nerves. From 7 cases, in each of 
which two or more lumbar punctures 
were practised, before and after re- 
peated salvarsan injections, the author 
concludes that the nervous condition 
is probably favorably influenced by 
this remedy. The neurorecurrences 
are looked upon by the author as 
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evidences of diffuse or localized syph- 
ilitic meningitis, rather than of the 
action of salvarsan. They can be 
cured or improved provided they are 
detected early, through close obser- 
vation of the patient, including the cere- 
brospinal fluid, and combated promptly 
and persistently. Bind (Revue med. 
de la Suisse Roniande, March, 1913). 

Case of brain syphilis in a state so 
desperate that in spite of the con- 
traindication, salvarsan was used. Rapid 
and complete recovery took place. 
Eddy (Jour. Amer. Med. Assoc., Apr. 
26, 1913). 

In syphilis of the nervous system 
the writers report good results from 
intravenous injections of arsphen- 
amin in increasing doses, each fol- 
lowed in 5 minutes by lumbar punc- 
ture, evacuating at least 10 c.c. (2^ 
drams) of cerebrospinal fluid. This 
method ranks next to intraspinal in- 
jection of arsphenamized spinal fluid, 
and is safer than the latter when 
there is doubt as to the soundness of 
the ncuraxis. Tzanck and Bernard 
(Paris med., May 11, 1918). 

Arsphenamin may act very satis- 
factorily in almost any form of ncuro- 
syphilis. For best result.s, it is often 
necessary to use it twice or three times 
a week over a good many months. Un- 
til this has been done it has not been 
demonstrated that the drug will not give 
a satisfactory result. Many times, how- 
ever, it is ineffectual. In a fair number 
of such cases, intraspinal, intracisternal, 
or intraventricular injections may do bet- 
ter. Except in very mild meningeal 
ncurosyphilis, it is not to be expected 
that spinal fluid changes will begin to 
occur for at least 3 months, and often 
it takes 6 months to 1 year for them to 
be considered definite. In paretic neuro- 
syphilis, a combination of routes should 
be used. Solomon (Boston Med. and 
Surg. Jour., Aug. 27, 1925). 

In tabes dorsalis salvarsan is some- 
what more than a palliative, though 
naturally incapable of causing regen- 
eration of destroyed nerve-cells. It 
tends to relieve certain of the symp- 


toms, but in many instances only tem- 
porarily. With repeated small doses 
of salvarsan more can be accom- 
plished in this disease than with 
mercury and iodides. In cases with 
negative Wassermann reaction, how- 
ever, its use is not advised. More 
marked results than in tabes are ob- 
tained in cases of cerebrospinal syph- 
ilis simulating the latter in their 
symptomatology. 

The author has several cases of 
tabes and of syphilis of the central 
nervous system on record where a 
combination of salvarsan with mer- 
cury did more good than either drug 
alone. He has, therefore, made it a 
rule to use both drugs in these cases. 
O. L. Klieneberger (Berl. klin. Woch., 
March 4, 1912). 

Salvarsan brings the tabetic proc- 
ess to a standstill. Furthermore, it 
can cause retrogression of certain 
lesions in the spinal roots or in the 
cord itself. The improvement is 
noticeable in the disappearance of the 
later symptoms and also, in some 
cases, of the older symptoms. The 
author observed a series of patients 
for two and a half years, and in a few 
cases the patients were completely 
cured. Leredde (Miinch. med. Woch., 
Sept. 24, 1912). 

Salvarsan is indicated in tabes with 
a very positive serum reaction and a 
lymphocytosis of the cerebrospinal 
fluid; it should be given in repeated 
small doses at proper intervals. J. A. 
Fordyce (Jour. Amer. Med. Assoc., 
Oct. 5, 1912). 

Where a syphilitic meningitis ex- 
ists in tabes one can expect brilliant 
results from salvarsan as far as the 
symptoms due to the meningitis are 
concerned, and in early cases of 
tabes one can hope for a remission 
in the progressive course of the dis- 
ease. A man, 45 years of age, with 
a history of syphilis seventeen years 
previously, had complained of pains 
in the arms and limbs for some three 
months, more pronounced in the 
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upper extremities. Reflex immobility 
of the pupils, vesical atony and girdle 
sensation were present, together with 
paresthesias and moderate analgesia 
and loss of deep-pressure pain sense 
in the lower extremities. Ataxia was 
absent, and the tendon reflexes were 
exaggerated. He had been impotent 
for some years. In this case the sal- 
varsan cleared up the pains entirely, 
the exaggerated reflexes subsided, 
and the patient gained some twenty- 
five pounds in weight in the course 
of six months. The pupillary find- 
ings, analgesias, loss of deep pain 
sense, loss of the left Achilles reflex, 
and slowing of urination remain. 
The patient feels well and is engaged 
in business life. G. A, Young (West- 
ern Med. Rev., Feb., 1913). 

While some slight improvement 
has followed the use of salvarsan in 
a few cases of tabes, the drug when 
pushed has intensified the destructive 
action of the disease and hastened 
the death of the patient. E. H. Trow- 
bridge (Jour. Anier. Med. Assoc., 
Feb. 8, 1913). 

Report of a case without syphilitic 
history, but giving a positive Wasscr- 
niann reaction, that showed the char- 
acteristic symptoms of tabes. It was 
first treated with mercurial inunc- 
tions and iodine; the patient was then 
given 0.6 Gm. of salvarsan, which was 
repeated some two and a half months 
later. 

A month afterward, examination 
showed absence of the Argyll- Robert- 
son pupil, improvement in the co- 
ordination, and less marked Romberg 
sign, together with gain in weight 
and a general feeling of well-being. 
J. J. Zaun (Jour. Amer. Med. Assoc., 
March 1, 1913). 

Many patients with syphilitic con- 
ditions of the cerebrospinal system 
are aggravated by one or two doses 
of salvarsan, while, on the other 
hand, many of their symptoms are 
relieved by the persistent use of the 
drug. The pains, crises, bladder symp- 
toms, and general nutrition are often 


greatly benefited. The author’s plan 
of treatment in these cases is to give 
injections of salvarsan at weekly in- 
tervals, combining them with mercury 
at intervals of three or four days. In 
1 case of paresis he gave twenty-one 
injections of salvarsan, about 10 Gm. 
in all, with marked alleviation of the 
symptoms. The Wassermann reaction 
in this case had not been influenced by 
the treatment. He is becoming more 
and more convinced that salvarsan has 
no deleterious effect on the optic 
nerve, having, on the contrary, 2 cases 
under observation where it proved dis- 
tinctly beneficial. In 1 of these cases 
the visual fields have enlarged. J. A. 
Fordyce (Jour. Amer. Med. Assoc., 
May 17, 1913). 

The writer advocates intramuscular 
use in tabes dorsalis when but 1 symp- 
tom of the disease is in evidence, as 
intravenous administration may pro- 
voke appearance of its other manifesta- 
tions. J. Bejaiano (Rev. esp. de urol. 
y derm., Apr., 1924). 

General paralysis is less amenable 
to salvarsan than tabes, though occa- 
sionally some symptomatic improve- 
ment is brought about. It is the con- 
sensus of opinion that the drug is of 
value only in the earliest stages of 
this disorder, and that its use in more 
advanced cases is attended with dan- 
ger, In any event, only half a dose of 
salvarsan should be given, as in tabes 
and brain syphilis. 

Case of a man, 40 years old, who 
began lo suffer from dementia par- 
etica; 0.5 Gm. of “606” was injected 
into the muscles beside the left scap- 
ula. For forty-eight hours he seemed 
to do well, then his temperature rose, 
his pupils became moderately con- 
tracted; then his feet and hands be- 
gan to tremble, he could not stand, 
and he began to perspire freely. He 
lost his strength completely, though 
there was no paresis or edema and 
the tendon reflexes were lively. The 
heart and lungs showed no organic 
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trouble, but be sank until death oc- 
curred. Autopsy revealed only a 
slight acute parenchymatous degen- 
eration of some organs, particularly 
the kidney, and fatty degeneration of 
some fibers of the vagus and of the 
nerves in the right brachial plexus 
that could be ascribed to the poison- 
ing with arsenic. The changes 
typical of dementia paretica were 
present in the brain. J<‘)rgensen 
(Med. Klinik, March 5, 1911). 

Fifty-six cases of general paralysis 
of the insane treated with salvarsan. 
In 12 patients there was a marked 
amelioration of sympttmis; 6 of these 
were freed from restraint, and arc 
pursuing their ordinary work. Brown- 
ing and McKenzie (Brit. Med. Jour., 
Sept. 23, 1911). 

Diagnostic Value of Salvarsan. — In 

obscure lesions in patients presenting 
no evidences or history of syphilis, 
salvarsan may be of considerable 
diagnostic value, its administration 
causing rapid improvement if syph- 
ilis is the cause. 

In tertiary and latent cases of 
syphilis, with conditions present sug- 
gesting neoplasm, and with the Was- 
sermann negative, a provocative in- 
jection of salvar.san, by causing the 
Wassermann to become positive if 
the disease is syphilitic, will in many 
instances prove of great assistance. 

Salvarsan Treatment in Pregnant 
Syphilitic Women. — Such treatment 
has been found very advantageous, 
and unattended with danger, cither 
of abortion or to the mother’s life, 
provided moderate doses be used. 
The effect on the child depends upon 
whether the maternal syphilis was ac- 
quired before or during pregnancy 
as well as the time and number of sal- 
varsan injections, etc. If the mother’s 
infection is treated early the chances 
of her giving birth to a healthy child 
are good, whereas if salvarsan treat- 


ment is begun late in pregnancy, 
syphilis having been contracted some 
months before, the outlook is much 
less favorable. 

Salvarsan cannot be given too early 
in pregnancy when symptoms of 
syphilitic disease arc present. To 
prevent abortion and secure the 
birth of a healthy, non-specific child, 
the treatment should be followed by 
mercury and the Wassermann re- 
action us-c'd to note the result of the 
treatment. These observations re- 
verse Collcs’s law, that mothers of 
specific children are imiiiuiie if symp- 
toms are absent. The serum test 
shows that such mothers are to 
be considered as infected. Langes 
(Wiener med. Klinik, Nu. 20, 1911). 

A woman with secondary syphilis 
and in the sixth month of pregnancy 
was treated with 0.4 Gm. intraven- 
ously, repeated after five weeks. A 
healthy child was horn at full time, 
and six months after the birth both 
mother and child were in good 
health. Browning and McKenzie 
(Brit. Med. Jour., Sept. 23, 1911). 

Study of the effects of salvar- 
san administered intravenously in 10 
pregnant women in doses of 0.5 Gm., 
and subcutaneously in 8 newborn in- 
fants in doses of 0.03 Gm. Injections 
of salvarsan in the dose mentioned 
are not without danger to the fetus, 
more probably owing to destruction 
of the treponemata than to a direct 
action. In about onc-half the cases 
a pronounced weakening in the fetal 
heart sounds was noted in the days 
succeeding the injection, and in 2 
cases there was some fear lest the 
child die in the three or four days 
after injection. The results yielded 
by the Wassermann test at a given 
moment in the mother and child may 
not correspond. Apparent maternal 
cure with negative serum reaction 
does not imply that the child is out 
of danger. The child of a mother in 
whom the first injection of salvarsan 
had been given five and one-half 
months before parturition was born 
healthy. A child born seventy-two 
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days after salvarsan injection, how- 
ever, was syphilitic. One woman de- 
veloped grave albuminuria nineteen 
days after injection, and died five 
days after deliver^s about five weeks 
after the injection, of pneumonia. 
Only 0.2 Gm. (3 grains) had better 
be used for pregnant women, re- 
peated in six days. P. Bar (Bull, 
de I’Acad. de Med.. Oct. 31, 1911). 

A patient in the ninth month of 
pregnancy stated that she had had a 
single pimple on the external genitals 
when two months pregnant, and that 
mucous patches had appeared during 
the fifth month. An intravenous in- 
jection of 0.4 Gm. of salvarsan was 
given, and in four days the mucous 
patches had disappeared; the only ill 
effect was a slight diarrhea, which 
continued till her confinement, ten 
days later. She was delivered of a 
living girl weighing 4380 Gm. and 
showing no syphilitic lesion. The 
placenta weighed 860 Gm., and had 
the appearance of minced pork. Six: 
months after confinement the mother 
showed no symptoms of syphilis, 
having received a second injection 
six weeks after confinement. The 
baby at fotirteen months was healthy. 
Oui (ficho med., March 24, 1912). 

Six pregnant women and eighteen 
infants treated with arsenobenzol. 
Jn women acquiring syphilis or show- 
ing secondary symptoms during preg- 
nancy one may suppose that the fe- 
tus is not yet infected and that the 
administration of repeated salvarsan 
injections, in doses of 0.25 to 0.3 Gm„, 
is therefore clearly indicated. In 
cases, however, that have not re- 
cently exhibited any symptoms of 
syphilis, and in which the sole aim is 
to avoid interruption of pregnancy by 
premature expulsion or fetal death, 
mercury and iodides are to be given 
the preference over salvarsan. Fabre 
and Bourret (Lyon med., Nov. 3, 1912). 

The liver and kidney during preg- 
nancy usually permit the elimination 
of the drugs without injury, yet there 
is always an element of uncertainty, 
and this is the special danger of sal- 
varsan medication during pregnancy. 


Cases have been published in which 
the liver and kidneys seemed to be 
functioning normally and yet the 
balance was upset so easily that sal- 
varsan caused serious injury. Sau- 
vage (Annales de gynec. et d’ol)sUH., 
Jan., 1913). 

Antenatal treatment with arsphena- 
mine is far superior to the early ad- 
ministration of thorough treatment 
with mercury and potassium iodide in 
a pregnant syphilitic mother. Not 
only does it seem possible to start 
the treatment much later, and yet be 
successful, but apjiarently salvarsan 
enables the mother, in the alisence of 
further treatment, to continue to 
bear healthy children to the same — 
untreated — father. Injecting ncosal- 
varsan intravenously in 7 pregnant 
women, the writer secured a healthy 
child in each instance. Five of the 
women were later pregnant once 
again, and 3 twice, and apparently in 
all instances with delivery of a 
healthy infant. In no case had any 
subsequent treatment been received, 
except in 1, which had irregular 
treatment. All the cases received 
mercury either by injection or by 
mouth, along with the arsphenamine. 
The author urges that all records of 
miscarriages and stillliirths be kept, 
those due to syphilis determined, and 
the syphilitic mothers given arsphena- 
mine and mercury. L. Findlay (Glas- 
gow Med. Jour., Feb., 1918). 

Salvarsan Treatment in Congenital 
Syphilis. — Infantile syphilis can be 
favorably influenced by the adminis- 
tration of salvarsan to the nursing 
mother. Sometimes, however, the re- 
sults thus obtained are harmful rather 
than beneficial, and in any event, sub- 
sequent direct treatment of the child, 
when its general condition has im- 
proved, is required. Immediate direct 
treatment of the syphilitic infant with 
salvarsan may involve some danger 
to its life, very probably owing to the 
sudden liberation of a large amount 
of toxins from the killed spirochetes, 
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and is therefore not often attempted 
unless the child is already in a condi- 
tion such that death is expected, c.g., 
in pemphigus neonatorum. 

Several syphilitic infants treated 
with the milk of syphilitic mothers 
that had first received a dose of sal- 
varsan intravenously. There was 
some improvement of the symptoms, 
hut not nearly as pronounced as the 
author had expected. In several 
cases an undoubted specific rash de- 
veloped after the milk had been 
given. Analysis showed that there 
were appreciable amounts of arsenic 
present in the milk, but probably also 
some endotoxins and antibodies. It 
would be more rational to feed such 
infants with the milk of cows or 
goats that had received a dose of 
salvarsan. Jesionek (Miinch. med. 
Woch., May 30, 1911). 

Action of salvarsan in 26 cases of 
syphilis in infants and young children 
described; 13 were under a year old. 
The youngest was 5 weeks old. All 
were fairly well developed and nour- 
ished breast-fed infants. At first the 
initial dose was 0.005 Gm. (M 2 grain) 
per kilogram (2% pounds) of weight, 
but later this was increased to 0.(X)8 
Gm. (}i grain) and to 0.01 Gm. 
(% grain) per kilogram. Wechsel- 
mann’s neutral suspension was found 
satisfactory. Three injections were 
given in 1 case, two injections in 
each of 9 others. All but one of the 
injections were intramuscular. The 
increase in weight of the infants 
while under observation was fairly 
satisfactory. The children did not 
suffer from digestive disturbance as 
a result of salvarsan. Altogether 
three relapses were observed; in 2, 
in spite of the fact that Wasser- 
mann’s reaction had become negative. 
The cutaneous manifestations of 
syphilis and those of the mucous 
membranes improved with wonder- 
ful rapidity. In 2 cases of osteo- 
chondritis cubitorum improvement 
was very rapid, and in 1 of them after 
two weeks, in the other after three, 
the symptoms had altogether disap- 


peared. There was considerable im- 
provement in a case of syphilitic cere- 
bral tumor with hydrocephalus and 
already developing optic atrophy. 
Bokay (Wiener klin. Woch., Nu. 17, 
1911). 

Case of congenital syphilis in an 
infant treated with mercury. The 
Wassermann in both mother and 
child was positive. The mother was 
given 0.4 Gm. of salvarsan. Its effect 
on her was gratifying; she felt much 
better than she had for a long period. 
Seven days after the injection the 
Wassermann reaction in both parent 
and child was negative. No arsenic 
was found in the milk, examination 
of which showed it to be normal 
as regards fats and total solids. 
Twenty-five days after the injection 
the child died. Chapin (Amer. Jour, 
of Obstet.; Amer. Jour, of Dermat., 
Sept., 1911). 

Report of a case showing provoca- 
tion of syphilitic skin eruption in an 
infant through the milk of the mother 
treated with salvarsan; another case 
in which numerous efflorescences ap- 
peared where the skin had previously 
been normal twenty-four hours after 
the injection of salvarsan; a third in 
which a recurrent erythema multi- 
forme and syphilitic efflorescences 
with the already existing exanthem 
followed the injection; and 2 cases in 
which salvarsan seemed to excite a 
pseudosclerosis. In the latter cases 
the differentiation between pseudo- 
sclerosis and a fresh infection was 
difficult. Oppenheim (Wiener klin. 
Woch., Oct. 5, 1911). 

Salvarsan may prove very bene- 
ficial in the syphilitic child born at 
term. It acts very promptly on pem- 
phigus and causes rapid disappear- 
ance of spirochetes from pemphi- 
goid lesions. It is capable of pro- 
ducing prompt and lasting recovery 
from hydrocephalus of syphilitic ori- 
gin. Disappearance of the phenom- 
ena of syphilis, even when associated 
with a negative Wassermann, does 
not imply a permanent cure. It is 
possible that salvarsan lowers the 
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resistance of the newborn infant to 
interciirrent infections. Only 0.01 
Gm. (Vq grain) for newborn infants 
should be used, repeated twice or 
thrice at six-day intervals. P. Bar 
(Bull, de I’Acad. de Med., Oct. 31, 
1911). 

In syphilitic infants salvarsan was 
found to overcome rapidly pemphi- 
gus, all mucous patches, and chronic 
coryza. Its effect in improving the 
general condition was, however, far 
less constant. In cases not present- 
ing any syphilitic manifestations ex- 
cept poor general condition, salvarsan 
should not be used unless mercury 
and iodides have failed. Where it is 
employed, its effects are evanescent; 
mercury and iodides should always 
be given afterward and the salvarsan 
not repeated until acute eruptive 
phenomena return. The authors 
recommend, in infants, intramuscular 
injections of neosalvarsan, 0.05 Gm., 
not into the most fleshy part of the 
buttock, but into the muscles cover- 
ing the external iliac fossa. The 

needle is introduced to the bone, 
then withdrawn slightly, so that its 
point shall lie in the muscle. Since 
dressings at this area in infants can- 
not be kept clean, the puncture is 
merely covered with a little cotton, 
dipped in collodion. Fabre and Bour- 
ret (Lyon med., Nov. 3, 1912). 

Forty children with congenital 

syphilis treated. The results ob- 

served from salvarsan and neosalvar- 
san intravenously were about the 

same. In poorly nourished children 
mercury should be given first, fol- 
lowed by .salvarsan. Two pregnant 
mothers were treated with salvarsan 
and the infants showed a negative 
Wassermann reaction, but had some 
signs of latent syphilis. Dunzelmann 
(Zeit. f. Kinderheilk., Jan., 1913). 

In children less than 6 years of age, 
it has been the practice to give intra- 
muscular injections exclusively be- 
cause of the difficulty attending in- 
travenous procedure in these cases. 
The dose considered suitable has been 


0.004 or 0.(X)5 Gm. for each pound of 
the child’s weight. La Fetra, how- 
ever, has found it not inconvenient to 
administer salvarsan intravenou.sly in 
these little patients, exposing the vein 
before injecting, and considers this 
method the best. 

With correct technique the intra- 
venou.s application of .salvar.san in 
full-term infants as well as in pre- 
mature births i.s the method of choice. 
In severe infections a rather large 
dose should be injected, that is, not 
under 0.04 Gm., and such a dose, from 
0.04 to 0.1 Gm., will have no detri- 
mental effects on full-term infants. 
In mild cases small doses should 
be used. In general the injec- 
tion should be repeated and should 
be supported by other antisyphilitic 
remedies. Engelmann (Zentralbl. f. 
Gynak., Jan. 20, 1912). 

Eight milligrams grain) per 
kilogram (2*^ pot!nds) of body weight 
intravenously is the maximum dose 
of salvarsan for infants. Where the 
infant is enfeebled it is better to 
give mercury or to begin with much 
smaller doses of salvarsan — 3 to 5 
mgm. (Yjo or Via grain) per kilogram 
of body weight. If there he any sep- 
sis salvarsan should be withheld. In 
removing the symptoms of the dis- 
ease, salvarsan is more speedy than 
mercury. Combination of salvarsan 
with mercurial treatment, however, 
gives the best prospects of cure. C. 
T. Noeggerath (Jahrb. f. Kinder- 
heilk., Feb., 1912). 

Report concerning 25 cases of con- 
genital syphilis, 10 of which received 
salvarsan with or without mercurial 
treatment, while 15 were treated by 
the use of mercurials alone. The 
mercurial treatment consisted of % 
to ^2 grain (0.016 to 0.032 Gm.) of 
gray powder three times daily, to- 
gether with inunctions of 25 per cent, 
blue ointment every second day. The 
salvarsan was given intravenously. 
The dose of salvarsan varied from 
0.05 to 0.1 Gm. (^ to V/i grains). A 
febrile reaction was se,en only three 
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times and was very mild. There was 
never any necrosis or inflammation at 
the site of venipuncture. Of the 10 
ca‘^cs treated hy salvarsan 2 ended 
fatally; all the others were decidedly 
improved with the disappearance of 
si)eriric symptoms. Of the 15 cases 
treated hy mercurials alone 3 im- 
proved, 2 did not improve, and 10 
terminated in death. After the in- 
jection of salvarsan the Wassermann 
reaction was found to be still posi- 
tive in 2 out of 3 cases in which the 
reaction was tested and in which the 
clinical symptoms had disappeared. 
While the indirect method of giving 
salvarsan to the nursing mother is 
valual)le and should be used when the 
mother is available, the surest method 
consists in giving the salvarsan to 
the infant. Both indirect and direct 
administration should be employed 
whenever possible. The intravenous 
route of administration is the best. 
Usually it will be found easiest to 
expose the vein before attempting to 
insert the needle. The dose should 
be not less than 0.01 Gni. to the kilo 
of body weight. 

Repeated injections and supple- 
mental treatment by mercurials may 
be necessary. The Wassermann re- 
action should be followed for a year. 
La Fetra (Archives of Pediatric.s, 
Sept., 1912). 

Je.sionek has introduced the method 
of giving infants the milk of goats to 
which salvarsan has been adminis- 
tered. This does away with the 
transmission to the infant of .spiro- 
chetal endotoxins liberated when sal- 
varsan is given to the mother, and 
avoids the injury to the child some- 
times produced by the latter form of 
treatment. Jestonek's results have 
been good, but the procedure he ad- 
vocates is not readily available — even 
were cows used instead of goats — and, 
on the whole, direct administration of 
salvarsan according to the usual 
methods is more effective. 


To investigate the influence of sal- 
varsan in lactation, milk from a 
woman to whom 2 intravenous injec- 
tions had been given was collected. 
Two specimens were found to be free 
from arsenic. In a second case the 
same results were obtained. This 
shows that the benefit derived by a 
syphilitic infant from being suckled 
by a mother to whom salvarsan has 
been administered cannot be due to 
the presence of salv^arsan in the milk 
and must be explained on other 
grounds, such as the presence of anti- 
bodies due to the destruction of 
spirochetes in the mother’s body. 
S-ince toxicological analyses show 
that a full dose of salvarsan, 0.6 Gm. 
(10 grains), is not completely ex- 
creted after 3 weeks, the authors are 
strongly of the opinion that an inter- 
val of 4 weeks should elapse between 
each full dose, shorter intervals giv- 
ing rise to a risk of cumulative action. 
Wilcox and Webster (Brit. Med. 
Jour., Apr. 1, 1916). 

Manifestations of cong-enital .syph- 
ilis in adolescents or young adults are 
relatively refractory to salvarsan. 
Gummatous processes may be quickly 
healed, but interstitial keratitis is not 
often markedly benefited, and syph- 
ilitic nervous phenomena are re- 
bellious. 

In Diseases Other than S3q>hilis. — 
In yaws (frambesia), due to the Spiro- 
chwta pertenue, salvarsan is even more 
effective than in syphilis. A single 
injection almost invariably cures it 
completely. 

Five hundred cases of frambesia 
treated with injections of salvarsan, 
498 being cured. Of these 409 were 
cured with one injection, 75 with two 
injections, and 14 with three injec- 
tions. Of the 2 cases not yet cured, 
both show amelioration. There was 
an almost entire absence of compli- 
cations. Other organic arsenic com- 
pounds, such as sodium cacodylate, 
arsacetin, etc., have no effect on yaws. 
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and mercury has utterly failed as a 
remedy. Salvarsan is a specific for 
yaws, and there is no danger attend- 
ing its use for this disease. Henry 
Alston (Brit. Med. Jour., Jan. 6, 
1912). 

Intramuscular injections of salvar- 
san given in 22 cases of yaws, with 
excellent results. The duration of 
the patients’ stay in the hospital 
averaged twenty-five days, as against 
three months under other modes of 
treatment. But 1 case required a 
second injection. In 3 cases from 
which tissues were examined for 
spirochetes the latter were found to 
have disappeared within forty-eight 
hours after the injection. The stay 
of twenty-five days in the hospital 
was not necessitated by the treat- 
ment, but was due to the fact that 
practically all cases were infected 
with ankylostomiasis, and removal of 
these parasites was necessary as a 
preliminary to the treatment by sal- 
varsan. R. P. Cochin (Jour. Trop. 
Med. and Hyg., Sept. 16, 1912). 

The number of cases of yaws at a 
Trinjdad hospital was reduced from 
250 to 29 by the use of salvarsan. 
Henry Alston (Brit. Med. Jour., No. 
2713, 1913). 

Salvarsan is well borne by the 
stomach provided this organ be empty 
at the time of administration and that 
no food be taken for at least two 
hours after ingestion of the drug. In 
frambesia, at least, the therapeutic 
effects are the same as by the ordi- 
nary routes of introduction. Bro- 
chard (Soc. de Pathol, exot; Presse 
med., Jan. 29, 1913). 

Salvarsan used with success in the 
treatment of frambesia among Congo 
natives. The lesions healed within 
ten days, and the joint nodositites 
which appear related to the disease 


cure took place rapidly in both cases. 
Hallenberger (Arch. f. Schiffs- u. 
Trop.- Hyg., Aug., 1912). 

Treatment carried out on 36 cases 
of oriental sore (Leishmaniosis) by 
intravenous injections of salvarsan. 
There were 31 favorable results (16 
cured, 4 nearly cured, and 11 much 
improved); 2 appeared to be unaf- 
fected, while the 3 remaining were 
not heard of after treatment. The 
drug was dissolved in distilled water 
and given in a dose of 0.4 to 0.6 Gm. 
for an adult. Of 15 cases completely 
cured, healing took place in fourteen 
days in 6 cases, in six days in 3 cases, 
in eight days in 2 cases, and in ten, 
eleven, nineteen, and thirty days in 
4 cases. Salvarsan in these doses is 
a specific against the protozoa caus- 
ing oriental sore. The dose may be 
repeated in a couple of weeks if im- 
provement is delayed. P. v. Petersen 
(Miinch. med. Woch., Nov. 12, 1912). 

Gangosa patients at Guam were 
ordinarily treated with iodine mix- 
ture, but since the introduction of 
salvarsan this product has been given 
a trial, and it seems that if employed 
in the early stages it will prevent 
extensive destruction of tissue. It 
should however, be supplemented by 
a prolonged course of mixed treat- 
ment. Kerr (U. S. Naval Bull.; N. Y. 
Med. Jour., May 17, 1913). 

Eight cases of rat-bite disease, oc- 
curring in various parts of Japan, 
treated with salvarsan. The drug 
was administered at different stages 
of the disease and also in the febrile 
and afebrile periods. Except in 3 
cases, a single intravenous injection 
sufficed to prevent all further mani- 
festations of the disease. S. Hata 
(Miinch. med. Woch., Bd. lix, S. 354, 
1912). 

In relapsing fever, due to the Spirit- 


were also favorably influenced. Mou- 
chet and Dubois (Soc. de Pathol, 
exot.; Presse m6d., Jan. 29, 1913). 

Salvarsan used in 2 cases of ulcus 
tropicum. Each patient received an 
intramuscular injection of 0.5 Gm. 
suspended in olive oil. Complete 


turn obermakri, the parasites are 
caused to disappear from the blood in 
a few hours and the fever is aborted. 
Recurrence occurs only in about 2 per 
cent, of the cases if the drug be ad- 
ministered intravenously. 


4—15 
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Report of 332 cases of relapsing 
fever in Indochina treated with an 
intravenous injection of 0.2 Gm. of 
salvarsan. There followed only 6 re- 
lapses, which yielded quickly to a 
second injection. In 24 cases there 
was a return of fever on the twelfth 
day without reappearance of the 
spirilla. This disappeared in one to 
three days. Mouzels and Nguyen- 
Xuan-Mai (Bull, de la Soc. Med. et 
Chin de ITndochine, No. 7, 1912). 

In trypanosomiasis (sleeping sick- 
ness) salvarsan is by no means a 
specific as in the two affections just 
referred to. The trypanosomes, after 
an intravenous injection, may disap- 
pear for a time, but recurrence seems 
practically inevitable. The drug 
possesses no marked advantage over 
the allied arsenicals, atoxyl and ar- 
senophenylglycin, nor over antimony. 

The relative toxicity of salvarsan 
and ncosalvar.san to trypanosomes 
was tested by the authors. Neo.sal- 
varsan proved actively parasiticidal 
in dilutions up to 1 in 500,000 in half 
an hour. Similar experiments made 
with salvarsan, dissolved with the 
minimum amount of alkali, an amount 
which would not injure the parasites, 
showed that in a 1 in 100,000 solu- 
tion the organisms were still very 
motile after half an hour. Neosal- 
varsan was thus shown to be five to 
ten times more actively parasiticidal 
than the older preparation. J. Mc- 
Intosh, P. Fildes, and H. B. Parker 
(Lancet, July 13, 1912). 

Filariasis may be benefited by sal- 
varsan, the parasites being inhibited 
for a time and the patient's general 
condition improved. 

Case with Filaria sanguinis hominis, 
with unilateral chyluria, treated by 
0.6 Gm. of salvarsan administered hy- 
podermically. The urine remained 
unchanged for the first twenty-four 
hours. During the succeeding forty- 
eight hours it became perfectly clear 
for the first time since the inception 


of the complaint, seven months be- 
fore. Suddenly, however, from the 
sixty-eighth to the seventy-second 
hour, it became markedly chylous 
and contained large numbers of 
seemingly dead filariae of both em- 
bryonic and adult forms. Then tur- 
bidity ceased until at discharge only 
an intermittent opacity was present, 
and no filariae were demonstrable. 
Blood-smears taken continuously for 
one week were all negative as to 
filariae, whereas before the injection 
there had been no trouble in finding 
the filariae in the midnight specimens. 
P. M. and J. T. Pilcher (Med. Record, 
March 11, 1911). 

Warning against the use of salvar- 
san in bilharziasis, which has not 
proved at all successful in its treat- 
ment. Looss (Deut. med. Woch., 
Jan. 11, 1912). 

In malaria the drug is of little value 
except in the tertian variety, in which 
an absence of parasites from the 
blood for some weeks may result 
from its use. In cases refractory to 
quinine, salvarsan frequently proves 
beneficial, not only destroying the 
parasites, but overcoming the resist- 
ance to quinine, so that if the latter is 
used when the fever reappears its 
action will be more evident than be- 
fore (McDonagh). 

When salvarsan is introduced in a 
single dose of 0.5 Gm. intravenously 
in tertian fever, the parasites usually 
disappear after from twelve to forty- 
eight hours. The attacks cease. In 
quartan fever the action of the rem- 
edy does not last, even after a dose 
of 0.8 Gm. In the tropical form, 
doses of from 0.5 to 0.8 can only pro- 
duce a temporary disappearance of 
the ring forms from the blood. The 
crescent form does not disappear, al- 
though it may become temporarily 
modified in shape and staining prop- 
erties. Tn some cases of tropical 
malaria, a so-called contrary effect 
was noticed. After a temporary 
lowering of the temperature and dimi- 
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nution or complete disappearance of 
of the ring-shaped parasites from the 
blood, there took place a distinct 
turn for the worse in the patient’s 
condition, with reappearance of rings 
and crescents in large numbers. 
Iversen and Tuschinsky (Deut. med. 
Woch., Jan. 19, 1911). 

Neosalvarsan tried in 5 cases of 
tertian malaria. The plasmodia dis- 
appear quickly, but it is a question 
whether this is permanent. To avoid 
a recurrence one should give a sec- 
ond injection two days after their 
disappearance; even a third injection 
may become necessary. Iversen and 
Tuschinsky (Miinch. med. Woch., 
July 16, 1912). 

Salvarsan cures the benign tertian, 
but docs not prevent the recurrence 
of malignant tertian malaria. The in- 
jection should be given at the begin- 
ning of the attack of fever, when the 
young forms predominate. In the 2 
cases reported a rapid recovery was 
obtained in both after a single intra- 
venous injection. In both cases a 
positive Wassermann was converted 
into a negative one by the treatment. 
R. Cestan and M. Pujol (Gaz. des 
Hop. Civ. et Milit, Nov. 12, 1912). 

Salvarsan in doses of 0.3 Gm. given 
in 3 cases of estivoautumnal malaria. 
The estivoautumnal parasite is not 
destroyed by this drug, but neverthe- 
less in 1 case it was useful in pre- 
venting relapses. V. Fusco (Gazz. d. 
Osped. e d. Clin., Nov. 14, 1912). 

In skin diseases salvarsan has been 
extensively tried, with varying re- 
sults. In psoriasis and lichen planus 
the remedy is of distinct value, though 
not very evidently superior to arsenic 
in other forms. Cases of obstinate 
pemphigus have been benefited by it. 

Salvarsan used in 3 cases of psori- 
asis, the dosage being 0.4 to 0.5 Gm. 
For a few days following injection 
there apeared to be some improve- 
ment, but after this the condition 
failed to improve. Schwabbe (Miinch. 
med. Woch., Bd. Ivii, Nu. 36, 1910). 


Strikingly prompt impr<>vement 
from an injection of salvarsan in an 
intractable case of pemphigus. Dur- 
ing a year and a half the skin had 
never been entirely free from bullae, 
the number present varying from 
twenty or more to several hundred. 
Arsenic in very large doses (40 min- 
ims of the liquor potassii arsenitis 
three times a day) had proved of 
some benefit, but nothing had ever 
prevented the development of bullae, 
nor given more than temporary relief 
from pain. Salvarsan (0.6 Gm.) was 
injected subcutaneously in the scap- 
ular region. No new bullae developed 
after the first twelve hours, and the 
skin was practically clear at the end 
of six days. R. L. Sutton (Boston 
Med. and Surg. Jour., March 9, 

1911) . 

Two cases of pemphigus were very 
favorably influenced by salvarsan in- 
jections, while under the former 
treatment — quinine, Fowler’s solu- 
tion, zinc powder, and baths — no im- 
provement had been visible. The 
dose was 0.6 Gm. given intravenously. 
Stiimpke (Berl. klin. Woch., July 1, 

1912) . 

In lichen ruber planus salvarsan 
seemed to act as a specTic. A 
woman, 47 years of age, who received 
two injections intravenously, one of 
0.3 and the other ten days later of 
0.4 Gm., was cured of the disease after 
fourteen days. Polland (Wiener 
klin. Woch., Aug. 1, 1912). 

In a case of cancer of the tongue, 
all other methods having failed, the 
author tried arsenobcnzol, a dose of 
0.5 Gm. being injected intramuscu- 
larly. In from thirty-six to forty- 
eight hours the pain disappeared, the 
ulcerations cleared, and the fetid dis- 
charge disappeared almost entirely. 
After ten or fifteen days these symp- 
toms reappeared; a second injection 
was given six weeks later, and a third 
ten days after that. These later in- 
jections were both given intraven- 
ously, the dose being 0.3 Gm. each 
time. Although death supervened 
five months later from cancerous 
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cachexia, the pain and the discharge 
had not reappeared. E. Bodin (La 
Clinique, Feb. 17, 1912). 

In pellagra salvarsan seems to have 
been useful in a certain proportion of 
cases. 

Twent 5 ''-one cases of pellagra treated 
with salvarsan by both intramuscular 
and intravenous methods, and in vary- 
ing amounts, collected. Most cases 
had a single dose, 1 had two doses, 
2 were given three doses. There was 
an untoward result in 1 case, a profuse 
diarrhea following the injection. In 
47.6 per cent, no improvement occurred. 
At least temporary improvement was 
observed in the remainder. The well- 
known dangers of administering sal- 
varsan to patients suffering from car- 
diac and renal lesions contraindicate 
its use in many cases of pellagra, be- 
cause of their well-known tendency 
to myocardial and renal degeneration. 
If given at all, it should be given in 
broken and repeated doses, and pref- 
erably by the intramuscular method. 
H. P. Cole and G. J. Winthrop (Jour. 
Amer. Med. Assoc., June 17, 1911). 

Report of 27 cases of pellagra 
treated with salvarsan; of these, 20 
were apparently cured, 3 were doubt- 
ful, and 4 ended fatally. The author 
gives each patient doses of salvarsan 
varying in number from five to twelve 
at intervals of seven to ten days. 
The first dose was 0.2 Gni., the sec- 
ond 0.4 Gm., and subsequent doses 
were calculated on the basis of 0.1 
Gm. for every 20 pounds of the un- 
clothed patient’s weight. Both syph- 
ilis and pellagra should be treated by 
giving intravenously doses of salvar- 
san until no reaction follows, i.e., no 
fever, no vomiting, and no bowel dis- 
turbance. Pellagra cases require twice 
as many doses as the syphilitic. 

Of the 4 deaths after salvarsan 
there seemed to be some connection 
in 3 of them between the reaction 
and a subsequent cerebritis or menin- 
* gitis. 

There appears to be but small 
choice in pellagra between salvarsan 
and sodium arsanilate, except that the 


latter must be given hypodermically 
during a period varying from eigh- 
teen months to two years. E. B. 
Martin (N. Y. Med. Jour., March 15, 
1913). 

In scurvy salvarsan has seemed of 
some value, a distinct influence being 
exerted on the hemorrhagic mani- 
festations and general condition. 

The bad state of nutrition in buc- 
cal scurvy is due largely to the con- 
dition of the gums. Several intra- 
venous infusions, usually of 0.3 Gm., 
were given to 8 cases. The results 
were remarkable in that the lesions 
of tlje mouth usually healed within a 
week and that the spirilla were much 
diminished in number, though they 
never disappeared entirely. The other 
symptoms of the disease were not, 
however, influenced; so salvarsan can- 
not be regarded as a specific for 
scurvy. Tuschinsky and Iwaschen- 
gow (Munch, med. Woch., Dec. 12, 

1911) . 

In rebellious cases of noma good 
results have been obtained. 

It would seem advisable, even in 
the absence of positive evidence that 
spirocheta? are the specific organisms 
of noma, to make use of salvarsan in 
every case which docs not imme- 
diately yield to local treatment. 
Nicoll (Archives of Pediatrics, Nov., 

1912) . 

Chorea has been treated with sal- 
varsan with asserted advantage. 

Case of chorea gravidarum given an 
intravenous infusion of salvarsan two 
to three months before term. The 
patient was cured, no return of symp- 
toms appearing, even after delivery. 
The method is to be recommended in 
severe cases which have resisted all 
other measures. Thus an interrup- 
tion of pregnancy may be avoided, 
the efficacy of this procedure being 
doubtful. E. Hartel (Munch, med. 
Woch., Jan. 28, 1913). 

Cases of leukemia have also been 
benefited temporarily or permanently. 
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In pernicious anemia the drug' has 
proven strikingly effective in a fair 
proportion of cases, ineffectual in 
others, and harmful in a few. 

Seven cases of pernicious anemia 
treated with salvarsan. One showed 
striking improvement, four injections 
of 0.3 Gm. each being given during 
six weeks, in which time the red cells 
increased from 1,760,000 to 3,350,000 
and the hemoglobin from 52 per cent, 
to 78 per cent. During the year fol- 
lowing the last injection the blood 
continued to improve, the red blood- 
cclls increasing to 6,210,000 and the 
hemoglobin rising to 120 per cent. 
Five other patients showed more or 
less improvement, and in only 1 was 
no benefit derived. To secure the 
best results salvarsan should be given 
intramuscularly, on account of the 
prolonged action which results. Sal- 
varsan will probably be found a more 
efficient remedy than arsenic given 
by the mouth, and indeed more effi- 
cient than any form of treatment 
which has yet been employed in per- 
nicious anemia. Bramwell (Brit. 
Med, Jour., June 22, 1912), 

In pernicious anemia the intraven- 
ous injection of salvarsan produced 
such an anemia that the patients in 
2 out of 3 cases died within three 
weeks, and the third patient was not 
improved, though he apparently was 
not damaged by the treatment. Both 
in chorea and leukemia not only did 
the injection of salvarsan not cure 
the disease, but it did not prevent 
the appearance of complications. 
Charteris (Brit. Med. Jour., Sept. 21, 
1912). 

Case of a woman who had been 
anemic for more than a year. A 
blood-smear showed typical perni- 
cious anemia. Salvarsan, 0.3 Gm., 
was injected intramuscularly. With- 
in three days benefit was apparent, 
although local pain was severe for 
about a week. In four days the hemic 
murmurs had almost disanpeared, 
and the patient was much stronger. 
Blood examination showed a distinct 
improvement, and two weeks later 


the same dose was again injected; 
this was followed by a sharp re- 
action; the temperature rose to 101® 
F. (38.3® C.). The patient looked ex- 
ceedingly ill; the pallor and hemic 
murmurs returned, and she developed 
a large patch of dry pleurisy. This 
condition lasted a few days, when the 
fever slowly subsided and uninter- 
rupted recovery set in. E. Hobhouse 
(Brit. Med. Jour., Dec. 14, 1912). 

Case of pernicious anemia, in which 
0.3 Gm. of salvarsan was given intra- 
muscularly. There was a definite in- 
crease in the number of red cells for 
a fortnight, when a second dose was 
given. Examination of the blood a 
week later revealed a diminution in 
the red cells; the treatment was 
therefore stopped. E. F. Maynard 
(Brit. Med. Jour., Jan. 11, 1913). 

In a case of Banti’s disease, with 
typical liver and spleen and charac- 
teristic blood-count, the author ob- 
tained a cure atter a subcutaneous in- 
jection of 0.4 Gm. of salvarsan. The 
nodules in the liver disappeared 
completely and the .spleen slowly re- 
turned to its normal size. The only 
thing remaining is a leucopenia with 
relative lymphocytosis. The patient, 
a boy 14 years old, gave a dis- 
tinct history of congenital syphilis. 
Many cases of Banti’s disease are 
syphilitic in origin. It is the physi- 
cian's duty to perform the Wasser- 
mann reaction before turning a case 
of Banti's disease over to the sur- 
geon. W. Schmidt (Miinch. med. 
Woch., March 21, 1911). 

Case of a woman, aged 30 yearvS, 
with very marked anemia, marked en- 
largement of both liver and spleen, 
edema and suffering from persistent 
vomiting and diarrhea. The patient 
received three intravenous injections 
of 0.3 Gm. of salvarsan during a 
period of four weeks, and was appar- 
ently cured. Perussia (Miinch. med. 
Woch., Bd. lix, S. 1482, 1912). 

Report of the case of a man,* 22 
years of age, who suffered from 
splenic anemia, together with tuber- 
culosis and malarial infection. This 
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patient receiving: two injections of sal- 
varsaii intravenously, 0.15 and 0.4 
Gni.; he progressed favorably, and 
the author expects a cure, having 
just given a third injection of 0.4 Gni. 
Vallardi (Miinch. med. Woch., July 
2, 1912).- 

Report of a case of splenic anemia 
in an adult, treated with salvar.san. 
The result was good. Every patient 
whose case has been diagnosticated 
as Banti’s disease should receive an 
antiluetic, especially salvarsan, even 
if the Wassermann reaction remains 
negative. Curschmann (Miinch. med. 
Woch., July 2, 1912). • 

In sympathetic ophthalmia marked 
benefit from salvarsan has been re- 
ported. 

Good results from the use of sal- 
varsan in sympathetic ophthalmia, the 
blood count becoming normal and the 
eye quiet. S. H. Browning (Ophthal- 
moscope, Nov., 1912). 

Case in which an iridectomy had 
been performed on an eye badly in- 
jured by iritis. Seven days later the 
other eye showed distinct symptoms 
of a commencing sympathetic oph- 
thalmia. The eye operated on was 
enucleated at once, the patient placed 
in bed, and the usual treatment be- 
*gun, but the eye constantly grew 
worse. Finally, although the Was- 
sermann reaction was negative, 0.7 
Gm. of neosalvarsan was given intra- 
venously. Improvement began at 
once and proceeded to recovery. F. 
P. Calhoun (Amer. Jour, of Ophthal., 
April, 1913). 

In small-pox salvarsan adminis- 
tered early in the eruptive stage has 
been claimed to bring the rash to a 
standstill and ward off complications. 

Salvarsan given in 3 cases of small- 
pox. It proved harmless and a favor- 
.able influence seemed to be exerted. 
Lenzmann (Med. Klinik, April 30, 

* 1911). 

By injecting 0.3 Gm. salvarsan in- 
travenously in plague, the author in- 
creased the agglutinin of the serum 


to five times the original amount. 
No destructive effect upon the plague 
bacilli themselves is produced. Aumann 
(Deut. med. Woch., Nov. 14, 1912). 

In scarlet fever salvarsan has been 
tried with asserted benefit. 

Salvarsan treatment given in a 
series of 39 cases of scarlet fever of 
severe type; 5 cases died, a mortality 
of 12.6 per cent, as compared with 
24.5 per cent, mortality in 44 cases 
not treated with salvarsan. One of 
the fatal cases was an instance of 
puerperal scarlet fever following a 
septic abortion, death being due to 
sepsis. Another occurred in a 2-year- 
old child who had whooping-cough 
and died of bronchopneumonia. Two 
other cases when admitted suffered, 
from severe diphtheritic and strep- 
tococcic toxemia. Only 1 of the 5 
fatal cases was thought to be due to 
actual scarlatinal infection. The per- 
centage of complications was much 
smaller in the cases treated with sal- 
varsan. Thus, otitis media developed 
in only 6.6 per cent., as compared 
with 14.3 per cent, in the untreated 
cases; nephritis occurred in 25 per 
cent., as against 43 per cent.; and en- 
docarditis was observed in 3 per cent., 
instead of 16 per cent. The effect of 
the remedy was marked upon the 
course of the disease. In all but 2 
cases the temperature fell by crisis 
shortly after the injection. This fall 
was followed by a rise on the fol- 
lowing day, but seldom to the orig- 
inal height of the fever. A few of 
the patients received a second injec- 
tion of salvarsan. The doses given 
were 0.1 to 0.2 Gm. to infants, 0.3 Gm. 
to older children, and 0.5 Gm. to 
adults. Most of the injections were 
given intravenously and only were 
given in highly diluted form intra- 
muscularly when intravenous injec- 
tions were impossible. Klemperer 
and Woita (Therapie der Gegenwart, 
Bd. viii, S. 198, 1912). 

Salvarsan used in 109 and neosalvar- 
san in 8 cases of scarlet fever. Upon 
the throat symptoms, especially in 
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the necrosing form, a strikingly 
favorable effect was produced. The 
necrotic lesions began to clear up 
with unexpected rapidity, this prob- 
ably accounting for the small number 
of the cases in which otitis appeared. 
Sequclse such as glandular enlarge- 
ments and nephritis, on the other 
hand, were not warded off by the 
remedy. The milder cases of scar- 
latina do not require salvarsan treat- 
ment, which is indicated, however, in 
the severe toxic forms. A/^eosalvarsan 
is not suitable for the treatment of 
scarlet fever. G. Jochmann (Con- 
gress on Internal Medicine, Wies- 
baden; Zentralbl. f. inn. Med., May 
31, 1913). 

In anthrax, experimental and clini- 
cal, trial of salvarsan seems to have 
shown it to be a remedy of some 
value. 

Case of anthrax in which the prog- 
nosis, according to past experiences, 
seemed absolutely unfavorable. An 
intravenous injection of 0.6 Gm. of 
salvarsan was given and recovery 
followed. G. Becker (Deut. Zeits. f. 
Chir., Bd. cxii, 1911). 

Experiments with salvarsan on 
animals infected with the anthrax 
and erysipelas bacilli. The good ef- 
fects arc due to the proved property 
of salvarsan, of increasing the anti- 
bodies in the animals. Bierbaum 
(Deut. med. Woch., Oct. 24, 1912). 

Experiments with salvarsan in rab- 
bits infected with anthrax. Sources 
of error carefully excluded. In the 
dose of 0.04 Gm. per kilo of animal 
salvarsan was found capable of saving 
animals otherwise doomed to suc- 
cumb from virulent strains of the 
bacilli. While the author cannot 
affirm that in Becker’s human case 
the drug saved life, he advises that in 
serious cases of anthrax salvarsan be 
given. G. Schuster (Ehrlich’s ‘'Ab- 
handlungen iiber Salvarsan,” Bd. iii, 
1913). 

Case of a man severely infected 
with anthrax. He had a large swell- 
ing about the size of the fist on the 


right side of the throat and on it was 
a spot with a dark crust, surrounded 
by many pustules. There was also 
enlargement of the neighboring 
lymphatic glands. The pus was 
found to contain anthrax bacilli. 
Morning temperature, 100.8° F. (38.2° 
C.). The abscess was opened by the 
actual cautery. An intravenous in- 
jection of salvarsan was then given. 
After three hours the temperature 
had risen to 103.6° F. (39.7° C.), but 
at the end of eight hours it had 
dropped to 100.4° F. (38° C.). On 
the following morning the tempera- 
ture was 97° F. (36.1° C.) and the 
patient’s general condition much im- 
proved. The swelling was greatly 
diminished. After six days the in- 
filtration of the glands and skin had 
disappeared and on the tenth day the 
crust fell off. The patient felt well 
after the second day. No anthrax 
bacilli were found in blood withdrawn 
by hypodermic needle. Salvarsan 
was the principal factor in the cure. 
It is to be preferred to the usual 
method of phenol injections around 
the carbuncle. Mokrzccki (Miinch. 
med. Woch., May 20, 1913). 

Finally, in leprosy salvarsan has 
been found capable of giving' tem- 
porary relief in a number of cases. 
It is in no sense curative. 

Nineteen leprous patients under 
salvarsan treatment for eighteen 
months. The drug was given intra- 
venously in doses of 0.5 to 0.6 Gm. 
The only ill effect following was an 
exacerbation of the neuritis in anes- 
thetic cases. In 2 anesthetic cases 
.salvarsan was unsuccessful, and ex- 
cept in the very early stages the 
drug should not be employed in this 
condition. But in lepra tuberosa the 
effects are very gratifying, especially 
in the less advanced stages of the 
disease. Lepromata recede in size 
and degenerate, and the bacilli they 
contain are reduced in number. In 
affections of the mucous membranes, 
especially of the larynx and pharynx, 
benefit is very marked. The general 
condition of the patient is always 
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greatly benefited, with a return of 
interest and energy. On the other 
hand, nervous symptoms show no 
change for the better, and little 
effect is produced on ulcers due to 
trophic interference. The Wasser- 
mann reaction remains unchanged 
throughout. J. P. Rocamora (Lepra, 
Sept., 1912). 

In 4 leprosy patients administration 
of salvarsan resulted in clinical im- 
provement. The least advanced cases 
showed the best results. In 1 case, 
Bacillus Icprcc disappeared from the nasal 
secretion. The patients showed partial 
or complete resolution of the nodules. 
Wellman (N. Y. Med. Jour., Nov. 16, 
1912). 

Local Uses. — Salvarsan has been 
applied to the throat in Vincent’s 
angina with marked success. 

Vincent’s angina may be favorably 
affected by the use of salvarsan. The 
drug may be applied directly to the 
lesions in powder form or may be 
mixed with glycerin and applied on a 
tampon. The applications are made 
twice a day. In from three to five 
days in most cases the cure is com- 
plete. J. Anglada and P. Reveille 
(Progres med., Feb. 15, 1913). 

The author recommends in severe 
cases of Plaut-Vincent angina gen- 
eral salvarsan treatment, together 
with the local application of salvar- 
san glycerin. J. Citron (Bed. klin. 
Woch., April 7, 1913). 

Case of Vincent’s angina which de- 
veloped the day after a third injection 
of arsphenamin, contraindicating the 
use of this arsenical in the disease. No 
better result was obtained from its 
local application. Prompt improve- 
ment in the same case followed, how- 
ever, the intravenous use of tartar 
emetic. Hillsman and Driscoll (Va. 
Med. Monthly, Aug., 1925). 

It has likewise proven useful in 
various other non-syphilitic buccal 
disorders. 

Report of 16 cases of scarlet fever 
in which ulcerative and gangrenous 
complications were particularly seri- 


ous. Salvarsan was employed, gen- 
erally in the form of local applica- 
tions of 1:10 or 1:20 solutions in 
glycerin, and sometimes intraven- 
ously. The action of the drug was 
very prompt and marked, 7 recov- 
eries occurring among 12 especially 
grave cases. In 1 case of noma ter- 
minating fatally, the buccopharyngeal 
lesions had been cured, and death 
was due to a gangrenous focus in the 
lung. Netter (Bull, et mem. de la 
Soc. med. des hop. de Paris, No. 25, 
1912). 

In the treatment of a case of 
chronic superficial glossitis V/t grains 
(0.1 Gm.) of salvarsan were dissolved 
in ounce (15 Gm.) of glycerin, of 
which quantity about a half was used 
in hourly swabbings over ten hours. 
The patient had been under careful 
medical treatment on and off for 
seven years, had given up smoking 
for short periods, and had improved 
under these treatments temporarily, 
but he asserted that his tongue had 
never been so comfortable or looked 
so well for ten years. At the end of 
one week, the ulcers had diminished 
to one-fourth their size. There was 
no history of lues. A. A. Allport 
(Brit. Med. Jour., Aug. 17, 1912). 

Local applications of from 5 to 10 
per cent, watery or glycerin solutions 
of salvarsan and neosalvarsan in 
spray form in the local spirochetoses 
(such as Vincent's angina, ulitis sim- 
plex, stomatitis, noma, and alveolar 
pyorrhea) advised. In these cases 
it is ordinarily a specific. The intra- 
venous injection should be reserved 
for the severe cases accompanied by 
general symptoms. Gerber (Miinch. 
med. Woch., March 25, 1913). 

Many kinds of ulcers heal quickly 
after a single dusting with neosalv- 
arsan or salvarsan diluted with xero- 
form (tribromophenol bismuth) in 
the proportion of 1 to 3. The after- 
treatment is a daily dusting with 
xeroform lightly sprinkled on. Water 
or lotion is not allowed to touch the 
sore. Salvarsan mixed with bismuth 
subnitrate was tried in 3 cases and 
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fbund satisfactory. The ulcer was 
protected with loosely applied lint. 
The surrounding skin may be painted 
twice with tincture of iodine. The 
patient is kept in bed for one day. 
Henry Alston (Brit. Med. Jour., No. 
2713 , 1913 ). 

L. T. DE M. Sajous, 

Philadelphia. 

DIPHTHERIA. —DEFINITION. 

— Diphtheria is an acute infectious 
and contagious disease produced by 
the presence and development of the 
Klebs-Loeffler bacillus. As it occurs 
in man, it is usually characterized by 
the presence of false membranes upon 
the surfaces primarily attacked, espe- 
cially the mucous membranes of the 
nose, pharynx, larynx, or trachea. There 
can no longer be any question of the 
specific relation between the great ma- 
jority of cases of the disease known 
since the time of Bretonneau as diph- 
theria and the bacillus with which Klebs 
and Loftier have identified their names. 
The bacillus is regularly obtained in 
cultures from affected throats; it can 
readily be isolated, and when pure 
cultures are injected in animals they 
reproduce the essential features of the 
disease met with in man. Welch and 
others, by inoculating the mucous mem- 
branes of guinea-pigs, have even suc- 
ceeded in producing the false mem- 
branes so closely associated with the 
disease in man. All the constitutional 
effects and characteristic lesions, except 
the formation of membrane of diph- 
theria, have likewise been produced by 
the injection in animals of the toxins 
produced by the specific bacillus. In 
experimental diphtheria, induced either 
by the injection of cultures of theKlebs- 
Loffler bacillus or of its toxins, the 
most striking feature is the production 
in animals of the paralyses due to nerve 


and muscular degenerations, such pa- 
ralyses reproducing most exactly the 
phenomena so often observed in clinical 
diphtheria. This feature of the experi- 
mental process has so impressed itself 
upon those most interested in laboratory 
researches that some propose to define 
diphtheria as an acute infectious dis- 
ease produced by the action of the 
Klebs-Loffler bacillus, and character- 
ized by the development of nerve de- 
generations. 

While this teaching may be most in 
harmony with the combined evidence of 
clinical observation and laboratory re- 
search, it does not yet seem advisable to 
so far depart from the conceptions of 
diphtheria which have heretofore ob- 
tained. The appearance of false mem- 
brane has long been regarded as almost 
diagnostic; it still belongs to the great 
majority of cases, and can readily be 
appreciated, while the nerve degenera- 
tions, if they appear at all in clinical 
diphtheria, are met with only in the 
later stages of the disease, long after the 
question of diagnosis will have been 
determined. 

VARIETIES. — The classification 
of the acute inflammations affecting 
nose, throat, etc., has not yet reached a 
satisfactory stage. The distinctions 
based upon the presence or absence of 
pseudomembranes have lost their sig- 
nificance. 

While the great majority of pseudo- 
membranous inflammations of these 
parts are due to the action of the diph- 
theria bacillus, a considerable number 
of such inflammations are produced by 
the action of other bacteria, especially 
the streptococci and staphylococci. On 
the other hand, the action of the diph- 
theria bacillus is not always attended 
by the production of pseudomembranes. 
The intensity of the local action of the 
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bacilli varies greatly, and it has been 
found that this diphtheria bacillus may 
be the cause of simple inflammatory 
processes, formerly designated as catar- 
rhal, wliich present no appearance of 
false mcm])ranes. Moreover, we find 
that the all-important question in any 
case, l)olh with reference to prognosis 
and treatment, is the ])resence or ab- 
sence of the diphtheria bacillus. We, 
therefore, al)andon tlie former classifi- 
cation into catarrlial and pseudomem- 
branous i)roccsses and speak of : — 

1. Diphtheria, or true diphtheria, in 
which we include all cases of acute in- 
flammations aflfecting mucous mem- 
branes associated with the presence of 
the diphtheria bacillus in sufficient 
number to constitute a probable causa- 
tive agent. Thus, if a culture from a 
sore throat shows the presence of the 
diphtheria bacillus, that case is at the 
present time accepted as diphtheria, 
whether there be or not pseudomem- 
brane present, and no matter what other 
bacteria be associated in the culture with 
the diphtheria bacillus. It must, how- 
ever, be noted that the presence of the 
diphtheria bacillus without further clin- 
ical evidence does not constitute diph- 
theria any more than the presence of 
pneumococci in the mouths of healthy 
persons constitutes pneumonia. 

2. Pseud odiphtheria, in which we in- 
clude all cases resembling diphtheria, 
but not showing the presence of the 
diphtheria bacillus in cultures from the 
affected parts. Such pseudomembra- 
nous inflammations are commonly seen 
as complications of the acute infectious 
diseases, especially scarlet fever and 
measles. Cultures from such cases reg- 
ularly show streptococci, or .staphylo- 
cocci, or both. The streptococci are 
especially frequent. Pneumococci and 
other bacteria have been found. 


Outbreak in a girls* school of sore 
throat, bactcriologically proved due to a 
form of Klcbs-Lofflcr bacillus, the re- 
sulting illness, however, failing to pre- 
sent the typical features of classical 
diphtheria. It might have been termed 
a '"diphtheritic fever,” the symptoms of 
which were as follows : A more or less 
severe coryza ; a moderate tonsillitis, 
usually one-sided, and unattended by 
high fever or by much exudation; 
thickly coated tongue and foul breath, 
the tongue desquamating as in scarla- 
tina; a patchy or punctate rash on the 
roof of the mouth and buccal mucous 
membrane; swelling of the cervical 
lymphatic glands; a roseolar rash on 
the skin (in 12 out of 18 cases — in 4 
cases early in the attack, in 8 cases on 
the fifth to the seventh day from the 
first symptoms or invasion) ; distinct 
desquamation (in 3 cases), the peeling 
being particularly marked on the hands. 
Moore (Dublin Jour, of Med. Sci., Jan., 
1908). 

The site of the diphtheritic process, 
whether nose, tonsils or pharynx, or 
larynx, materially affects the symptoms 
and course of the disease ; wc, therefore, 
in our description, speak of nasal, 
pharyngeal, or tonsillar, and laryngeal 
diphtheria. In the effort to further 
classify their cases some divide them 
upon the basis of the bacteriological 
findings in cultures from the throat. 
Thus, when the culture shows diphtheria 
bacilli practically alone, they designate 
the case as bacillary diphtheria; when 
cocci are present in considerable num- 
bers with the diphtheria bacilli, as cocco- 
bacillary diphtheria, etc. This method 
would be highly satisfactory did the 
clinical course and outcome of the dis- 
ease correspond to the bacteriological 
findings, but they do not. The presence 
of cocci in the cultures does not show 
that they will play any important part in 
the disease, and the complications pro- 
duced by their action — such as pneu- 
monia and nephritis — seem to be as 



DIPHTHERIA (NORTHRUP AND SCHLOSS). 


235 


frequent in cases that give apparently 
pure cultures of the diphtheria bacillus 
from the throat as in those that show 
many cocci as well. When we have to 
do with a systemic infection with strep- 
tococci as well as the diphtheria bacilli, 
we speak of the cases as ‘‘mixed infec- 
tions’" ; but the distinction is based upon 
the clinical symptoms of the disease and 
not upon the results of the bacteriolog- 
ical examination. We find it most ad- 
vantageous to divide the cases into mild, 
severe, or septic, according to the char- 
acter of the symptoms presented. 

Corresponding to these three forms 
of diphtheria, Monti presents a classifi- 
cation based upon the character of the 
exudate in the throat: — 

1. A fibrinous form, in which the 
diphtheritic products are only jdaced 
upon the mucous membrane, not incor- 
porated with it. Virchow, Weigert, and 
Cohnheim call this the croupous form. 

2. A mixed form, called also the 
phlegmonous form, in which the fibrin- 
ous exudate lies deep in the tissues as 
well as upon the mucous membrane. 

3. A septic, or gangrenous, form, in 
which a fibrinous pseudomembrane is 
formed in the deep tissues of the mu- 
cous membrane, the process really con- 
sisting of a necrosis of the tissues and 
a mingling of the dead particles with 
the diphtheritic products. 

Similar classifications are presented 
by other Continental writers; but we 
have not yet found it of advantage to 
attempt to classify our cases by the local 
appearances of the throat. Certainly 
the distinctions that Monti makes call 
for very nice and rather difficult dis- 
criminations. 

SYMPTOMS.~These vary suffi- 
ciently with the site of the lesions to 
make it of advantage to consider the 
local forms separately. 


1. Nasal Diphtheria. — Diphtheria 
of the nasal cavities is, in most cases, 
simple extension from the fauces or 
larynx. Tt may, however, occur as a 
primary afifection. It is characterized 
by more or less complete obstruction of 
the nares, a thin, mucopurulent, and 
often bloody discharge from the nos- 
trils, and a more or less marked tox- 
emia. Pseudomembrane may be devel- 
oped and may be visible through the 
anterior nares, but, as a rule, we see 
no membrane. The nasal discharge is 
usually very irritating, and the nares 
become excoriated. There is usually 
enlargement of the submaxillary lym- 
phatic glands. 

The degree of the toxemia vanes 
markedly. Usually it is very moderate, 
the temperature is not high (100° or 
101° F.— 37.8° or 38.3° C), the pros- 
tration is not marked, and the chief 
■danger of the cases seems to lie in 
an extension of the process by con- 
tinuity of tissue, to the pharynx or 
larynx, or the development of pneu- 
monia. 

The affection is often protracted, the 
discharge from the nose and the ob- 
struction persisting for weeks, despite 
careful treatment. 

Lennox Browne reported a total 
mortality of 63.4 per cent, in a series 
of cases of diphtheria involving the 
nose, and attributes to the nasal affec- 
tion more importance than to the 
laryngeal. Few writers or clinicians 
can agree with this opinion. In prac- 
tically all the cases of the series re- 
ported other parts were involved be- 
sides the nares, and the mortality 
record is a tribute to the gravity of 
extensive diphtheria rather than to 
the danger of the nasal affection alone. 
In infants, however, nasal diphtheria 
frequently proves fatal. It may readily 
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be the origin of a pharyngeal or laryn- 
geal process. It may, furthermore, be 
the means of communicating the dis- 
ease to others. 

The writer had 92 instances of pri- 
mary nasal diphtheria out of 222 
cases of diphtheria. Thirty-one of 
the children were less than 1 year 
old; from 4 to 13 years of aj?e this 
form was not uncommon. In the in- 
fant more than 75 per cent, of cases 
of diphtheria develop primarily in 
the nose and remain isolated in the 
mucosa. L. Lande (Berl. klin. Woch., 
Dec. 17, 1917). 

The writers found diphtheria bacilli 
in the nose of infants more often than 
in the throat, a primary diphtheria of 
the narcs being comparatively com- 
mon in infants exposed to infection. 
It is almost invariably mild, but it 
may be followed by secondary diph- 
theria of the throat, and the mild 
nasal diphtheria may give rise to 
severe diphtheria in others. Associa- 
tion with streptococci renders the 
outlook graver. Santos (Annaes Paul- 
istas de Med. e Cirur., Sept., 1918). 

Nasal diphtheria following enuclea- 
tion of the tonsils and adenoids was 
observed by the writer. This seems to 
indicate that upon removal of the ton- 
sils infection may be diverted to a 
situation where it escapes prompt 
recognition and scrum treatment, the 
patient then becoming a carrier. B. 
Seymour Jones (Brit. Med. Jour., 
Mar. 25, 1922). 

Diphtheria bacilli not infrequently 
cause purulent inflammations of the 
sinuses. A complete cure may be 
obtained by antitoxin and vaccine 
treatment, and surgical interference is 
not necessary. Sonnenschein (Deut. 
med. Woch., Aug. 14, 1925). 

The writer observed 13 cases of 
chronic diphtheria of the nose with 
symptoms of ozena. All recovered 
after large doses of antitoxin and an 
autogenous vaccine had been admin- 
istered, Abraham (Deut. med. Woch,, 
Dec. 15, 1925). 

Preliminary nose and throat cultures 
for diphtheria bacilli should be taken 


as a routine before operations such as 
tonsillectomy and adenoidectomy. If 
the cultures arc positive, a prophylactic 
dose of 1500 units of diphtheria anti- 
toxin should be injected, unless the 
patient has already been tested with 
the Schick test and shows a definite 
negative reaction. Zingher (Am. Jour. 
Dis. of Childr., Jan., 1926). 

2. Pharyngeal, or Tonsillar, Diph- 
theria. — (A) Mild Cases Without 
Membrane, or Catarrhal Diphtheria . — 
During the prevalence of an epidemic 
of diphtheria, especially in institu- 
tions, a certain number of cases may 
be observed in which, without the ap- 
pearance of pseudomembrane, the 
pharynx and tonsils become reddened 
and somewhat swelled, the children 
complain of slight soreness of the 
throat and have a rise in temperature, 
but do not appear or feel very ill ; yet, 
cultures made from such throats show 
the presence of the diphtheria bacillus. 
Such cases we have learned to class 
as true diphtheria. The mildness of 
the affection is attributed either to the 
small number of bacilli present, to a 
diminution in the virulence of the 
bacilli, or to an increased resistance 
on the part of the patient. In many 
of these cases the nose is involved as 
well as the pharynx and tonsils, and 
there is consequently a thin, watery, 
irritating discharge from the nostrils. 
In the course of a few days all symp- 
toms subside, and the bacilli disap- 
pear, or they may persist for weeks 
without further symptoms. 

The bacilli derived from cultures 
from such cases may prove to be fully 
virulent, and any such case may read- 
ily be the means of communicating a 
severe or virulent type of the disease 
to others. 

The patients themselves may show 
albuminuria during the course of their 
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mild attack, or they may later develop 
the paralysis belonging to the severer 
types of diphtheria. The latter outcome 
is, fortunately, rare. 

From the catarrhal process in the 
throat and nose there may arise by ex- 
tension a diphtheritic laryngitis either 
catarrhal or pseudomembranous in char- 
acter, which may be followed by stenosis 
or other grave symptoms. 

(B) MUd Cases, With Membrane, of 
Pharyngeal, or Tonsillar, Diphtheria , — 
These cases are characterized by the 
development of more or less pseudo^ 
membrane upon the tonsils, fauces, or 
pharynx and a moderate toxemia. The 
onset of the trouble is marked by sore 
throat, a moderate fever, 100*" or 102®, 
and a slight prostration. 

Upon examining the pharyngeal 
cavity we usually find one or both 
tonsils reddened, swollen, and pre- 
senting upon their surfaces one or more 
patches of pseudomembrane. These 
patches may be small and difficult to 
distinguish from the yellow plugs seen 
in follicular tonsillitis. The membrane 
is usually firmly adherent to the under- 
lying tissue, and, if removed, leaves a 
bleeding surface. The area covered by 
membrane may sometimes be marked 
off from the surrounding tissues by a 
zone of congestion. The membrane is 
usually while-gray or grayish green in 
color, sometimes yellow, and the patches 
are of irregular form. It is sometimes 
thick and heavy, sometimes so thin as 
to be translucent. 

In contradistinction from this de- 
scription of diphtheritic membrane we 
might set the characters of pseudomem- 
brane not diphtheritic, but the more 
painstaking the description, the more 
evident would it become th?^ it is per- 
fectly impossible to distinguish one 
from the other by simple inspection. 


Nothing short of a bacteriological ex- 
amination will enable us to make the 
distinction with certainty. 

With such appearances in the throat 
there is usually a distinct swelling and 
tenderness of the submaxillary and cer- 
vical lymph-nodes. 

The extent of membrane in the mild 
cases is usually limited, and there seems 
little tendency toward spreading; but, 
on the other hand, we may sec cases in 
which tonsils, fauces, and pharynx are 
covered with membrane and yet the 
constitutional depression is slight. 

After the onset in a mild case the 
membrane may extend somewhat, so as 
to involve the fauces or pharynx; but 
may remain limited to the tonsils. The 
throat continues sore, the temperature 
shows some elevation, and the children 
feel moderately sick. In the course of 
three to five days the membrane begins 
to separate, either gradually or in 
masses, the throat clears up, the tem- 
perature falls, the glandular swelling 
subsides, and in a week or so the patient 
is well again. 

A mild diphtheria may be accom- 
panied by albuminuria, and may be fol- 
lowed by nephritis or paralysis, but, as 
a rule, the cause is benign and the out- 
come satisfactory. We must, however, 
be prepared at any time to see an ap- 
parently mild case of diphtheria change 
character and become a virulent infec-. 
tion. From a mild tonsillar, or pharyn- 
geal, diphtheria a severe diphtheritic 
laryngitis may be developed. 

The most troublesome feature of 
these mild cases of diphtheria is the 
difficulty of maintaining proper quaran- 
tine. If adults, the patients do not re- 
gard themselves sick after the first day 
or two, and can hardly be made to un- 
derstand that, even when well, they may 
be the source of grave danger to others. 
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If the patients arc children, the par- 
ents find it difficult to take a serious 
view of an apparently trifling sore 
throat, and are often unwilling to take 
the necessary precautions to prevent the 
spread of the disease. It cannot be too 
einpliatically laid down in such cases 
that the clinical phenomena are no test 
of the virulence of the bacteria present. 
From an apparently mild case Park ob- 
tained the most virulent bacillus he has 
yet met with, and employed its toxins 
in the production of antitoxin of un- 
usual strength. It has, likewise, long 
been well known that an apparently 
mild case of diphtheria may communi- 
cate a malignant infection to others. 

The mild cases should be quarantined 
just as faithfully as the'most severe,and 
should be allowed freedom only when 
the specific bacteria have disappeared 
from the throat. 

(C) The Severe Cases . — In these the 
manner of onset may be sudden, with 
chill, vomiting, fever, and severe sore 
throat, the temperature rising to 103® 
to 104® F. (39.4® to 40® C), and the 
prostration being marked, or the af- 
fection may begin as a mild case and 
gradually develop the severe symp- 
toms, the invasion being very insidi- 
ous. If seen at the beginning, there 
may be little membrane visible in the 
throat, only a small patch or two 
upon the tonsils, exactly similar to 
that described in the mild cases; the 
throat will, however, be more reddened 
and the swelling more marked. The 
submaxillary and cervical lymph-nodes 
will be swollen and tender. The child 
looks and acts sick. The elevation of 
temperature may not be in keeping with 
the degree of constitutional depression, 
oftentimes being only 101® to 102® F. 
(38.3® to 38.9® C.). As the disease 
develops, the membrane rapidly ex- 


tends, until the tonsils, pharynx, 
uvula, and fauces are covered with a 
thick gray, green, or even black layer 
of necrotic material.* If any effort be 
made to remove it the underlying tissues 
bleed freely. The membrane fills the 
rhinopharynx, involves the nasal cavi- 
ties, and may even appear in the nares. 
With the involvement of the nose there 
is seen a thin, acrid, often bloody and 
foul-smelling discharge from the nos- 
trils. The membrane may also invade 
the mouth and appear upon the lips. In 
one case seen at the Foundling Hospital, 
the extent of gray membrane upon the 
lips, cheeks, and tongue was so marked 
as to suggest the possibility that the 
child had been drinking carbolic acid. 
Mechanical removal of the membrane in 
such cases does no good whatever; it 
seems only to open up a fresh surface 
to the attack of the virulent bacilli, and 
the membrane is reproduced with almost 
marvelous rapidity. At any time the 
inflammatory process may involve the 
larynx, giving rise to laryngeal diph- 
theria, or it may involve the middle ear 
through the Eustachian tubes; in rare 
cases by extension through the lachry- 
mal duct or by accidental inoculation 
the conjunctiva is involved. 

With the increase in the local process 
the lymph-nodes of the neck become 
more swollen and tender, until it .seems 
that they will surely suppurate, but they 
rarely do so. The constitutional depres- 
sion becomes more and more marked. 
The pulse becomes more rapid and 
feeble ; the strength fails steadily. 

Two distinct types of circulatory 
inefficiency are encountered in diph- 
theria. One is always preceded by 
the onset of arrhythmia and has long 
been attributed to a state of “cardiac 
paralysis.” In the second form a 
normal rhythm is maintained even in 
fatal cases. Cases which maintain a 
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normal rhythm the writer classes 
under the vascular type; while cases 
which develop a marked arrhythmia 
with rapid pulse and in which parox- 
ysms of regular tachycardia may oc- 
cur he places under the cardiac type. 
The first type — normal rhythm — are 
usually fatal within the first ten days 
of the disease, and present the ap- 
pearance of profound exhaustion. 
The pulse remains regular, but soon 
becomes weak and frequently disap- 
pears entirely from the wrist. The 
heart, however, continues to act until 
within a few hours of death. E. B. 
Gunson (Lancet, Nov. 3, 1917). 

Study of 242 cases of diphtheria in 
the Philadelphia Hospital for Con- 
tagious Disc^iscs by the writer. Of 
these 72 per cent, progressed without 
cardiac disturbance; the other 28 per 
cent, exhibited such. Of the pulse ab- 
normalities, 65 per cent, consisted of 
sinus arrhythmia and of sino-auricular 
block, both of which were probably 
without pathologic .significance; 20 
per cent, consisted of premature con- 
traction.s, those of auricular origin 
predominating; the remaining 15 per 
cent, consisted of high grade heart 
block of sudden inception about the 
seventh day, which rapidly deepened 
into coma, death promptly resulting 
within 36 hours. Heart block was 
the only cardiac abnormality which re- 
sulted in death; in this series of cases 
it invariably terminated fatally. S. 
Calvin Smith (Trans. Amer. Med. 
Assoc.; Med. Rec., June 18, 1921). 

The temperature may not at any 
time be very high, 101° or 102° F. 
(38.3° or 38.9° C.), or it may reach 
103° or 105° F. (39.4° or 40.5° C.). 
The swelling and tenderness of the 
throat render swallowing painful and 
sometimes almost impossible. The 
tonsils may almost meet in the 
median line; the nostrils may be 
plugged, and even respiration seri- 
ously interfered with. At times in 
the early days of the disease we may 
see fluids regurgitate through the 


nose, when an attempt to drink is 
made, and it may be difficult to de- 
termine whether the regurgitation is 
due to the oivstruction of the throat 
by swelled tonsils or to early paraly- 
sis of the pharyngeal muscles. 

As the diphtheria advances, the 
urine becomes scanty and high col- 
ored, and contains albumin in some 
quantity ; at times an acute exuda- 
tive nephritis is developed, with 
large quantities of albumin, casts, 
and even blood. The onset of the 
complication may bring in its train, 
all the symptoms of an acute ne- 
phritis. 

Although renal complications occur 
in the course of diphtheria, it is only 
in some few cases that they produce 
symptoms which cause immediate 
anxiety. In the large majority, they 
possess very little importance so far 
as the immediate future is concerned. 
N. Tirard (Practitioner, Jan., IW),). 

Study of the blood-prc.ssurc. The 
maximum blood-pressure of normal 
children, according to Seiler, who 
used the Riva-Rocci instrument, is 75 
to 80 mm. from 2 to 3 years; 79 to 90 
mm. from 4 to 5 years. Cook and 
Briggs found slightly higher figures 
with their modification of the Riva- 
Rocci, and place them at 75 to 90 mm. 
up to 2 year.s, and 90 to 110 mm. 
after 2 years. Of the 179 cases ob- 
served by Rolleston, 63, or 35.1 per 
cent, according to Cook and Brigg's 
estimate, and 45, or 25.1 per cent, 
according to SeilcPs figures, showed 
for varying periods a pressure below 
the normal. The varying degrees of 
depression bore a direct relation to the 
severity of the attack, being pro- 
nounced in severe and slight in mild 
cases. In the very severe class, of 22 
cases, 18 according to Cook, and 17 
according to Seiler, showed from 5 to 
45 mm. below normal. The fall in 
pressure occurred rapidly and steeply, 
there being at times 10 mm. difference 
between the morning and evening read- 
ings. A difference of the reading of 
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the two wrists indicated a grave prog- 
nosis. The severe and the moderate 
class of cases showed a considerable 
fall, but less marked than in the very 
severe class; the severe class showing 
25 and 16 cases respectively, with fall of 
from 3 to 24 mm., and the moderate 
class 11 and 6 respectively, showing a 
fall of from 1 to 14 mm. Rollcston 
(Brit. Jour. Dis. of Children, Oct, 
1911). 

The mind may remain clear through- 
out; but, as a rule, with the deepening 
of the toxemia the patients become dull 
and listless. In the severest cases stu- 
por or delirium may be developed. Coma 
is rarely seen. Convulsions may occur 
either early or late in the disease, from 
the toxemia of the diphtheria or from 
uremia. 

In some cases the patients die from 
the diphtheria toxemia alone; but in 
most of the fatal cases one or the other 
of the complications is the direct cause 
of death. Most important of these is 
the pneumonia. Although most often 
seen in laryngeal cases, pneumonia is a 
common sequela of diphtheria, either 
nasal or pharyngeal. The onset of the 
bronchopneumonia is usually marked 
by a decided rise in the temperature, a 
quickened respiration, and some cough. 
Not till the pneumonia has advanced to 
the consolidation of large areas do 
definite physical signs attest its presence. 
Usually we hear more or less numerous 
fine crackling rales over one or both 
chests posteriorly. Later there may be 
scattered areas of dullness, with bron- 
^chial voice and breathing. For evidence 
of the onset we must depend upon the 
rational rather than the physical signs. 
The development of pneumonia is al- 
ways a grave and often a fatal compli- 
cation. In but few fatal cases do we 
fail to find a more or less extensive 
involvement of the lungs, and in the 


greater number it plays an important 
part in the unhappy outcome. 

If the view at present generally held, 
that the complicating pneumonia is de- 
pendent upon the action of streptococci 
or pneumococci and not upon that of 
the diphtheria bacillus itself, and, 
therefore, antitoxin can only indi- 
rectly affect its onset or its violence, 
be true, then the problem of further 
reducing the mortality of diphtheria 
must depend upon the solution of 
the prevention and treatment of this 
complication. At present it is of im- 
portance to watch for signs of its onset 
and to be prepared to take measures to 
limit its extension and enable the pa- 
tient to bear the attack. The most 
malignant cases of diphtheria die within 
forty-eight hours of the onset of the 
disease, and even in these we find more 
or less extensive areas of bronchopneu- 
monia. Most of the fatal cases termi- 
nate after five or ten days, the patients 
being exhausted by the toxemia of the 
disease or the pneumonia. 

In the more favorable cases improve- 
ment usually begins about the fourth or 
fifth day. The change is shown in both 
the blood and the general condition. 
In the throat the membrane ceases to 
extend and begins to separate. The 
separation begins upon the edge of each 
patch, the separated portions forming 
loosened tags in the nose or throat, or 
the membrane may come away en masse 
in the form of casts of the affected 
parts. The surface beneath the mem- 
brane is at first raw and bleeding, but 
is usually quickly covered by new epi- 
thelium. On the tonsils, however, ulcers 
are formed, which, healing slowly, leave 
irregular, depressed areas of cicatricial 
tissue, giving to the tonsils the ex- 
cavated appearance so often seen after 
severe diphtheria. With the separation 
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of the membrane the purulent discharge brane is usually extensive, covering the 
from the nose and mouth gradually tonsils, pharynx, fauces, and uvula. The 
ceases, but a catarrhal secretion may swelling of the affected parts is usually 
continue for weeks afterward, such very marked, the edema being pro- 
catarrhal secretion still containing nounced, the tonsils often so filling the 
virulent bacilli. throat as to preclude examination of 

With the change in the local condi- the pharynx and giving rise to dyspha- 
tion the temperature gradually falls, the gia and dyspnea. There is the same 
pulse improves, the glandular swellings mucopurulent or bloody discharge from 
subside, the dullness or stupor disap- the nose and mouth ; the nares arc ob- 
pcars, and at the end of the second or structed and the patients often breathe 
third week the patient is convalescent, only through the mouth. A peculiar 
The patients are usually left very ane- sickening, sweetish fetor is character- 
mic, and the return to health is likely istic. The lymphatic nodes and cellular 
to be slow, tissues of the neck are most commonly 

From time to time we see cases in swelled and indurated, the process in 
which the formation of membrane con- many cases leading on to suppuration 
tinues for two or three weeks, the course and occasionally to gangrene. The press- 
of the disease is protracted, and recovery ure upon the veins of the neck may pro- 
corrCvSpondingly delayed. In other cases duce congestion of the head and swelling 
the bronchopneumonia persists long of the face. Th#* swelled, dusky fea- 
after the disappearance of all evidences tures, with the sanious discharge from 
of the diphtheria, and may either cause nose and mouth, is characteristic and 
death from exhaustion or may .slowly impressive. 

resolve. The constitutional symptoms are those 

3. Cases of Mixed Infection, or of a profound septicemia. The tem- 
Septic Diphtheria. — Under this head perature often runs as high as 104® or 
are grouped those cases in w^hich bac- 106® F. (40® or 41.1® C.), but may 
teriological investigation shows the pres- not be remarkable. The pulse is 
ence of the diphtheria bacillus, together rapid, feeble, and compressible. With 
with other pathogenic bacteria, usually the feebleness of the pulse, the ex- 
streptococci, in some cases pneumococci, tremities may be cold and pale, in 
and in which these additional organisms marked contrast to the dusky face, 
seem to exert a definite influence upon Vomiting and diarrhea are common, 
the course of the disease. Most of these and may be persistent. The urine con- 
cases are fatal, and in post-mortem ex- tains considerable albumin and casts, 
aminations systemic infection with and in some cases blood. The quantity 
streptococci or pneumococci is said to may be diminished; suppression may 
be found. The appearance of the mem- occur and cause death from uremia, 
brane in these cases does not differ Edema of feet or hands may be seen, 
essentially from that seen in the severer The liver and spleen may both be en- 
forms of infection with the diphtheria larged. The cerebral symptoms are 
bacillus alone. It may be white, yellow, marked. The patients are usually dull 
gray, or olive colored, or where hemor- and stupid, indifferent to their condi- 
rhages accompany the inflammatory tion or surroundings, but at times they 
process more or less black. The mem- are delirious and extremely restless, 

' 4-16 
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tossing continually from side to side or 
crying out as though in pain. Broncho 
pneumonia is very common and usually 
hastens death. At any time during the 
course of the disease the larynx may be 
involved by extension. The cases, as a 
rule, terminate fatally within a week, 
sometimes within forty-eight hours. 
Rapid failure in the strength of the 
heart marks the fatal progress of the 
disease, and the end may be brought 
about by sudden and unexpected syn- 
oo]>e. If they survive the first violence 
of the infection, these cases are espe- 
cially liable to complications attributed 
to the pathogenic action of the strepto- 
cocci, such as suppuration of the cer- 
vical lymph-nodes and cellular tissues, 
bronchopneumonia, and nephritis. 

4. Laryngeal Diphtheria. — The clin- 
ical picture of laryngeal diphtheria does 
not present such variety as is seen in 
diphtheria of the pharynx and tonsils. 
The local effects, due to the anatomical 
form of structure of the larynx and its 
physiological function, predominate over 
the constitutional symptoms. The mu- 
cous membrane of the larynx possesses 
but little absorptive power; so that as 
long as the diphtheritic process is lim- 
ited to the larynx the toxemia is slight. 

From what has been already said it 
is evident that we may have laryngeal 
diphtheria : — 

1. As a primary affection. 

2. As an extension of a process be- 
ginning either in the nose or the throat. 

It may also occur : — 

3. As a complication of other infec- 
tious diseases, especially measles or 
scarlet fever. In the latter relation it is 
less common than the pseudomembra- 
nous laryngitis produced by the action 
of staphylococci or streptococci (pseu- 
dodiphtheria), and occurring as a com- 
plication it presents itself in one of the 


two preceding ways, either primarily or 
secondarily to diphtheria of the nose or 
throat. 

Diphtheria of the larynx begins grad- 
ually with a hoarse cough and voice, and 
perhaps a slight stridor with inspiration. 
The temperature is usually low, — ^99° to 
101° F. (37.2° to 38.3° C.),— and 
the child does not appear very sick. 
The early stages are not to be clini- 
cally distinguished from acute catar- 
rhal laryngitis, except that the onset of 
the latter is usually more abrupt and 
the temperature higher — 102° to 103° 
F. (38.9" to 39.4° C.). The course of 
diphtheritic laryngitis has the follow- 
ing rather characteristic sequence of 
symptoms: Croupy cough, croupy 
inspiration, aphonia, stridulous ex- 
piration, suprasternal and infrasternal 
recessions, restlessness and jactita- 
tion, and cyanosis. The cough becomes 
more and more hoarse; the voice, 
at finst hoarse, fails steadily until 
the aphonia becomes complete; the 
stridor, at first only affecting inspira- 
tion, vshows itself with expiration and 
becomes louder. With the increase in 
the local symptoms the temperature may 
continue low or may mount step by step 
to 104° F. (40° C.) or more. At the 
end of the first or second day, some- 
times within twelve hours, the symp- 
toms of laryngeal stenosis become 
well developed. The voice is sunk 
to a whisper or lost altogether, the 
cough is very hoarse and short 
(tight), there is loud stridor with 
both inspiration and expiration, and 
every effort to fill the chest grows 
slower and more labored. With each 
inspiration there is more or less marked 
depression of the suprasternal and su- 
praclavicular spaces and the epigas- 
trium. The finger-tips are blue, the lips 
livid, the face pale, the forehead and 
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perhaps the whole body bathed in per- 
spiration as the child struggles to over- 
come the increasing obstruction to res- 
piration. The perfect clearness of mind 
is in marked contrast to the dullness or 
stupor usually seen in severe types of 
diphtheria elsewhere. As the agony in- 
creases, the child sits up, supporting the 
shoulders by the arms to give free play 
to all the accessory muscles of respira- 
tion, or, wild with fear, throws himself 
from side to side or up and down in a 
vain effort to shake off the tightening 
grip upon his larynx. It cannot be too 
strongly laid down that the laryngeal 
stenosis seen in these cases is largely the 
result of spasm of the laryngeal muscles 
excited reflexly by the inflammatory 
process and in small part the result of 
mechanical obstruction by membrane or 
the swelling and edema that accompany 
it. Often we see fatal cases of laryn- 
geal diphtheria in which the stenosis 
has required operative treatment, wshow- 
ing only a fine granular membrane, the 
lumen of the larynx still wide. How 
much swelling and edema may disap- 
pear at the time of death we cannot say, 
but certainly membrane alone rarely 
obstructs the larynx. This view is 
strengthened by the common experience 
that any excitement greatly intensifies 
the severity of the stenosis. A child 
may sleep quite comfortably though 
breathing stridulously and with some 
labor; waken it and with the first fright- 
ened cry the larynx closes as though in 
a vice, and, unless the child be quickly 
quieted, operative relief will soon be 
required. This point is dwelt upon at 
such length for the purpose of enforc- 
ing its consideration in treatment. Quiet 
will do a great deal in controlling ad- 
vancing stenosis. Vomiting will, for a 
time, relax the spasm, but in true diph- 
theria the stenosis rapidly returns. At 


any time the severity of the stenosis 
may relax, the symptoms all gradually 
subside, and the patient go on to make 
a good recovery, but, unless relieved by 
treatment, the cases usually end in 
death by suffocation. In such a case 
the cyanosis deepens, the respiration be- 
comes more and more labored, the vio- 
lent struggles for air cease, the patients 
sink into stupor, convulsions develop, 
and death soon follows. 

Such an outcome is most common in 
infants, who usually succumb in from 
twenty-four to forty-eight hours from 
the onset. In other cases the course is 
slower ; the disease reaches its height in 
from two to three days and terminates 
within a week. 

Bronchopneumonia is a common com- 
plication of laryngeal diphtheria. It 
may develop as tiie result of direct ex- 
tension of the membrane from the 
larynx to the trachea and bronchi, or it 
may result from the inspiration of the 
inflammatory exudate containing patho- 
genic bacteria. The mode of its devel- 
opment cannot be clinically determined. 
Its presence is indicated by heightened 
temperature, more rapid respiration, 
greater cyanosis, usually numerous 
coarse or subcrepitant rales over both 
chests posteriorly, and more marked 
prostration. It makes the prognosis 
much more grave in any case and fre- 
quently causes death when the stenosis 
has been relieved by operation. It was 
one of the late Dr. O’Dwyer’s observa- 
tions that, in descending diphtheria,, 
when the membrane passed from the 
trachea into the median bronchi, this 
invasion of a new territory was marked 
by a rapid rise of temperature, which, in 
turn, was soon followed by developing 
pneumonia. 

Case of diphtheria in a boy aged 
years in which a thick gush of blood 



244 


DIPHTHERIA (NORTHRUP AND SCHLOSS). 


poured out of the tracheotomy wound, 
death taking place in eight seconds. At 
the autoi)sy there were found: erosion 
of the common carotid at its origin by 
an abscess cavity which communicated 
with the trachea; deep ulceration of 
larynx, superficial ulceration of tra- 
chea, aspiration of blood and pus into 
lungs; perforation of subpleural ab- 
scess of left upper lobe with cir- 
cumscribed fibrinopurulent pleurisy; 
subacute nephritis, edema, and cloudy 
swelling of liver. Erosion of the 
cervical vessels has been recorded in 
scarlet fever, but never before in 
diphtheria. O. Lukingcr (Brit. Jour. 
Child. Dis., Aug., 1911). 

When laryngeal diphtheria develops 
secondarily to diphtheria of the nose or 
throat, or as a complication of the in- 
fectious diseases, the symptoms above 
described are siiperadded to those of the 
original affection, and the patient is all 
the less likely to survive. 

COMPLICATIONS AND SE- 
QUEL.ffi. — Otitis media is an occa- 
sional complication of diphtheria. It is 
developed by direct extension of the 
inflammatory process through the Eu- 
stachian tubes and belongs to cases in 
which the rhinopharynx is involved in 
the diphtheritic process. 

In some cases the ear affection is of 
the severest type and there is consider- 
able destruction of the drum membrane. 
It may even result in gangrene. 

Otitic diphtheria apparently is spread 
through the blood rather than directly 
from the pharyngeal space. Purulence 
may be the only clinical evidence of 
diphtheria of the middle ear. Routine 
bacteriologic examinations should be 
made of all ear discharges. This 
applies equally to mastoid operations. 
Diphtheria is less destructive to the 
middle ear than is scarlet fever or 
measles. Diphtheria of the ear occurs 
as a symptom of the general infection, 
Drury (Arch, of Otolaryng., Feb., 
1925). 


Pneumonia, as stated, is the most 
frequent and dangerous complication. 
It is most common in laryngeal diph- 
theria, but may follow any form of the 
disease. It is attributed to the action 
of the pyogenic cocci, especially the 
streptococci and the pneumococcus, 
though Stephens and Kanthack, Wright, 
More, and others have demonstrated the 
presence of the diphtheria bacillus in 
the lungs. 

Case of a girl, aged 4 years, who pro- 
gressed favorably until after a fort- 
night’s residence in hospital, when she 
became moderately feverish and very 
restless, and presented signs and symp- 
toms pointing to pulmonary trouble. 
Alteration of the respiratory murmur 
was made out over the right upper lobe, 
though from the increasing restlessness 
examination was difficult. The child 
grew' very rapidly worse, with increas- 
ing lividity, restlessness, and respiratory 
cmbarrassm,cnt. Death took place with- 
in twenty-four hours of the first appear- 
ance of symptoms. At post-mortem 
examination a large infarction implicat- 
ing the upper right lobe was found. D. 
Stewart (Lancet, March 30, 1912). 

The affection takes the form of bron- 
chopneumonia and is commonly met 
with in the lower lobes, but may be seen 
in any part of the lungs. The areas are 
scattered and separate or may merge 
into one another till considerable por- 
tions of both lungs are consolidated. 
This complication usually develops at 
the height of the disease, but may occur 
at the very beginning, within the first 
twenty-four hours, or may arise during 
convalescence after the throat is clear. 
Its onset is marked by increased tem- 
perature, disturbance of the respiration- 
pulse ratio, — namely, from a relation of 
1 to 4 to 1 to 3, — greater prostration, 
and the signs of a diffuse bronchitis; 
only when considerable areas are in- 
volved do we obtain the signs of con- 
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solidation. Lobar pneumonia may occur 
(0.7 per cent, of cases — Rolleston) and 
run the clinical course of this disease. 

Pleurisy is rarely met with. Em- 
pyema may develop, especially in septic 
cases. Emphysema is frequently seen 
in laryngeal cases ; it may be interstitial 
and may extend to the cellular tissues 
of the neck, but is commonly vesicular. 

The heart is more seriously affected 
in diphtheria than in any other acute 
infectious disease, and many of the 
fatal cases are due to rapid or sudden 
heart-failure. This follows tonsillar or 
pharyngeal diphtheria frequently, and is 
rare after other forms. Goodall, in a 
study of these cases, gives three types 
of the affection : — 

1. Heart-failure while the exudate is 
still present in the throat and before 
other symptoms of paralysis present 
themselves. It is then due to the direct 
action of the diphtheria toxins upon the 
nerve mechanism of the heart. 

2. Heart-failure after the disappear- 
ance of membrane, but during the time 
of other symptoms of paralysis, when it 
may be due either to disturbed innerva- 
tion or to fatty changes in the heart 
muscle, such as are met with in other 
fevers. 

3. Heart-failure during convales- 
cence, some time after the disappear- 
ance of membrane; it is then ])robably 
caused by degeneration of the heart 
muscle or of the pneumogastric nerve 
(neuritis). 

The writer divides the pulse abnor- 
malities into an initial tachycardia and 
the irregularities of convalescence. The 
former attends the appearance of mem- 
brane and usually subsides within 48 
hours after antitoxin. All survived. It 
is serious only when it persists during 
convalescence, and is then the probable 
precursor of heart-block. T'-e irregu- 
larities of convalescence arise between 
the 6th and 8th day of convalescence 


in 28 per cent, of all cases. They com- 
prise sinus arrhythmia and sino- 
auricular block, 65 per cent.; premature 
contractions, 20 per cent., and high 
grade heart-block, 15 per cent. S. 
Calvin Smith (Jour. Amer. Med. 
Assoc., Sept. 3, 1921). 

In 568 cases, the writer observed 
clinical signs of acute myocarditis in 17 
per cent, of the whole number and in 
75 per cent, of the 118 grave cases. 
'I'he disturbances of rhythm comprised 
an early type, generally appearing on 
the 8th day of illness, starting as 
organic heart-block, and invariably 
fatal, and a late type, consisting of 
extrasystolcs, appearing, on an average, 
on the 33d day. These extrasystoles 
occurred in 14 per cent, of the 563 
patients who survived the acute stage 
and in 61 per cent, of the grave cases. 
Of the patients with symptoms of 
myocarditis, 81 per cent, had extra- 
.systoles during convalescence; none of 
these died of heart-failure. Schwenseii 
(Jour, of Inf. Dis., Mar., 1922). 

Whether occurring early or late in the 
disease, the symptoms of involvement of 
the heart arc, in general, the same : The 
pulse becomes either more rapid or 
more often slower; it may be intermit- 
tent or irregular ; in any case it is much 
weaker. The patients are greatly pros- 
trated, may refuse food, and may vomit 
repeatedly. The surface of the face 
and extremities may be pale and cold, or 
there may be dyspnea without cyanosis. 
There may be some precordial distress. 
After continuing in this condition for 
hours or days the patients may rally, the 
heart gradually resume its normal ac- 
tion, the symptoms disappear, and re- 
covery ensue. More often the alarming 
symptoms grow worse and the patients 
succumb to the cardiac weakness. Death 
may be caused by sudden syncope in- 
duced by slight exertion or excitement. 
In some of the cases the patients are re- 
garded as thoroughly convalescent, and 
may be up and about when sudden and 
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unforeseen paralysis of the heart results 
in instant death. The cardiac affection, 
while most often seen after severe diph- 
theria, may be a sequela of the mildest 
cases. Severe and persistent vomiting 
during convalescence is always suggest- 
iveof impending heart-failure. Hemor- 
rhages into the skin or from mucous 
membranes may be met with during the 
height of the disease. They are most 
frequent from the nose and may be so 
severe as to require plugging of the pos- 
terior nares. They may occur from 
other mucous membranes : the stomach, 
intestines, or rarely the bladder. In the 
skin the hemorrhage may give rise to 
petechicT or may infiltrate considerable 
areas. 

The petechiae are most often seen 
upon the abdomen and lower extremi- 
ties, but may occur upon any part of the 
body. They are caused by changes in 
either the blood or the vessels or both, 
and are usually seen in the severer types 
of toxemia. The hemorrhages are in 
some cases sufficient to seriously exhaust 
the patient, and may even cause death. 
Exanthems, which may be morbilliform, 
scarlatinal, or urticarial, may appear, 
unassociated with the use of serum. 

But 4 cases have been published in 
which diphtheria bacilli were found in 
ulcerations around the anus. In 2 
personal cases anal and vulvar lesions 
were primary. Mondolfo (Riv. Crit- 
ica di Clin. Med., Jan. 26, 1918). 

Thrombosis and embolism are among 
the rarer complications of diphtheria. 
They may affect the extremities, giving 
rise to the usual symptoms: sudden 
pain, numbness, and coldness of the 
limbs, followed by paralysis, edema, and 
even gangrene. Some of the cases of 
cardiac paralysis may be caused by 
thrombosis or embolism of the vessels 
of the heart. Affecting the cerebral 


arteries, thrombosis, embolism, or hem- 
orrhage may give rise to hemiplegia. 

In very rare cases the stomach may 
be involved in the diphtheritic process ; 
but, apart from such involvement, gas- 
tric symptoms are common. 

Case of a boy, aged 2 years and 4 
months, who was admitted to hospital 
on the eleventh day of disease and died 
in seven hours. At the post mortem, 
among other findings, the middle third 
of the esophagus presented some infec- 
tion of the mucosa, and in the lower 
third “were two longitudinal areas of 
necrosis, 3.5 c.m. each in length, coalesc- 
ing below, where each measured 2.2 
c.m. in width, and slopping just short 
of the lower end of the esophagus. No 
diphtheritic membrane was left, but 
direct smears and cultures showed 
numerous diphtheria bacilli.’' It is rare 
to find the esophagus involved ; the 
writer found that 22 cases had been 
recorded since the discovery of the 
bacillius. J. D. Rollestoii (Brit. Jour, of 
Dis. of Children, Jan., 1912). 

Persistent vomiting is a frequent 
and grave occurrence in severe cases. 
It may be due to the fever and toxe- 
mia, or to nephritis, or to heart- 
failure. 

Besides the familiar complications 
such as cardiac failure, paralysis of the 
diaphragm, suppression of urine, bron- 
chopneumonia, and certain nervous 
sequelae, others may occur. The first of 
these is enlargement of the liver, usually 
associated with cardiac failure, and due 
to distention of the liver capillaries with 
blood. If recovery occurs the liver 
usually returns to its normal size. Dis- 
ease of the arteries is also a complica- 
tion, yellow patches being found in the 
aorta, and in the mitral valve, and 
nodules of varying size in the smaller 
arteries, especially in those of the brain. 
They are supposed to be due to septic 
micro-organisms, which are associated 
with the diphtheria toxins. Inter- 
lobular emphysema may occur, the air 
which has fescaped from the alveoli of 
the lung appearing beneath the pleura. 
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It may result in pneumothorax. Club- 
bing of the fingers is a rare complica- 
tion, and has been occasionally seen in 
children with whom gangrene of the 
lung has developed. T. Fisher (Pract., 
Oct., 1907). 

Diarrhea is often met with during the 
height of the disease, and may persist 
for some time after the diphtheria itself 
is improved. It may be due to entero- 
colitis or may be dependent upon the 
constitutional condition, especially in 
the septic cases. The local lesions are 
not severe and have no direct relation 
to the diphtheritic process. As already 
noted, hemorrhages may occur from 
either stomach or intestine in rare cases. 

The kidneys are more or less affected 
in all severe cases of diphtheria. The 
lesion may be an acute degeneration, 
marked by more or less albumin in the 
urine, or acute exudative nephritis with 
albumin and casts, but without droi)sy 
or uremic symptoms. Very rarely an 
acute diffuse nephritis with diminished 
urine containing albumin and casts, or 
suppression of the urine, dropsy, and 
uremia may be seen. 

The albuminuria usually comes on 
during the height of the disease, con- 
tinues for a time, and disappears rapidly 
with improvement in the local symp- 
toms. Only in the rare cases in which 
acute diffuse nephritis develops are the 
renal complications likely to persist. 
Marked albuminuria is always an evi- 
dence of a grave infection, while not of 
itself a serious complication. It is most 
common in the septic cases, and belongs 
distinctly to pharyngeal, or tonsillar, 
diphtheria. In very rare cases there 
may be hemorrhages from the kidneys. 

To 41 cases of puerperal infection 
with diphtheria bacilli on record, the 
writer adds one. The false membranes 
develop at the site of lacerations or 
other lesions. Edema of the external 


genitals is an important symptom when 
present, as in his case, and swelling of 
the regional lymph-nodes was pro- 
nounced in a number of cases, gen- 
erally bilateral. This enlargement of 
the glands was an early sign. Para- 
lysis of the sphincters was observed in 
some cases. The fever usually cor- 
responds with the severity of the 
membrane production, but in 2 cases 
the temperature remained normal. In 
some the fever was the first sign. 
Prostration and somnolency were ex- 
treme in some cases; headache was 
another symptom. There was also 
great difficulty in breathing, but no 
wheezing or croupiness. Bourret (Ol)- 
stetrique, October, 1911). 

The writer observed a small epi- 
demic of puerperal fever of dijihtheritic 
origin. In his own service, 9 newborn 
infants developed diphtheritic coryza, 
and all died but 1, in spite of antitoxin 
treatment. Tie then injected every 
infant at birth with 5 c.c. of antitoxin, 
and the epidemiv. ceased. Brindeau 
(Bull, dc I’Acad. de med., Oct. 18, 1921). 

Mention has already been made of 
the fact that, pathologically and experi- 
mentally, the most characteristic lesion 
of diphtheria is that affecting the nerv- 
ous system and giving rise to ])aralysis 
of various groups of muscles. Clinically, 
])aralysis is infrequent, but in its distri- 
bution. type, and course none the less 
characteristic. In 2448 cases collected 
by Sanne paralysis was noted in 11 per 
cent.; in a series of 1CX)0 cases reported 
by Lennox Browne, in 14 per cent.; in 
1071 cases belonging to preantitoxin 
days studied by Goodall, after deducting 
a mortality of 33.8 per cent., he says he 
observed paralysis in 125 of the 709 sur- 
vivors, — 17.6 per cent, of the latter 
number, or 11.7 per cent, of the whole 
number; in 3384 cases treated by anti- 
toxin comprised in the Report of Amer- 
ican Pediatric Society paralysis was 
met with in 328 cases, — 9.7 per cent, of 
the whole number.. Of the 2934 cases 
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that recovered, 276 — or 9.4 per cent. — 
showed paralysis, while, of the 450 fatal 
cases, paralysis was observed in 52, or 
11.4 per cent. Simply taking the totals 
of these figures without relation to the 
question of treatment, we have 852 cases 
of paralysis, occurring among 7903 
cases, or in 10.7 per cent. 

Paralysis usually complicates the se- 
verer cases of pharyngeal diphtheria, 
but may be seen after milder forms, and 
it has even been reported as following 
affections of the throat so mild as to 
have attracted little or no attention. 

Diphtheritic paralysis is sometimes 
associated with a diffuse but rather 
superficial process affecting nearly the 
whole of the spinal cord, followed by 
return of the affected structures to 
normal. In 2 cases of paralysis oc- 
curring 3 months after diphtheria, there 
were symmetrical zones of anesthesia 
on the hands and feet. There were 
also disturbances of speech, swallow- 
ing, and accommodation, with paresis 
of the arms and legs. Marie and 
Mathieu (Bull. Soc. med. des hop. de 
Paris, Dec. 8, 1921). 

The time of the onset of paralytic 
symptoms varies greatly in different 
cases. It may occur at the height of the 
disease, in the latter days of the first 
week or the beginning of the second, but 
is usually seen some time after the 
throat is altogether clear during the 
third or fourth week of the disease, and 
may occur as late as the tenth week 
after the onset. In the cases reported 
by Goodall the paralysis was observed 
from the seventh to the forty-ninth day. 

A girl of 3]/2 years with membrane 
on the tonsils and pillars but negative 
cultures was given 3000 units of anti- 
toxin on the 3d day, the throat at once 
beginning to improve. A month later, 
bilateral ptosis, internal strabismus of 
the right eye, drooling, and paralysis of 
the limbs developed, followed by death 
from respiratory paralysis. Any throat 


membrane may be diphtheritic, and 
antitoxin should be given without wait- 
ing for culture results. Terrell and 
Hallock (Med. Jour, and Rec., Apr. djf 
1924). 

In 171 cases of diphtheritic paralysis 
collected by Ross the following distribu- 
tion was observed : Palate affected in 
128; eyes in 77, in 54 of which the 
muscles of accommodation suffered; 
lower extremities in 113 ; upper extremi- 
ties in 60 ; trunk or neck in 58 ; muscles 
of respiration, 33. Of the 328 cases re- 
ported to the American Pediatric So- 
ciety the distribution was specified in 
187. Of this number, in 120 it in- 
volved the throat (palate, pharynx, 
and larynx) ; in 14 the extremities ; in 
11 the eyes; in 32 the heart; in 1 the 
muscles of respiration ; in 1 the ster- 
nomastoid, while in 8 the paralysis 
was general. 

In the series published by Goodall, 
the palate alone was first affected in 
66 per cent, of the 125 cases, and in 
combination with other muscles it was 
involved in 12 per cent. more. In a 
little over one-half of the cases the 
paralysis was limited, and in 12 per 
cent, it was generalized. The affection 
of the throat is, therefore, much the 
most common. It may occur alone or 
be followed by paralysis of other parts : 
the eye, the extremities, the trunk, or 
neck. In some cases it precedes the 
cardiac paralysis, but, as a rule, the 
latter appears unannounced. Absence of 
the patellar reflexes is observed in most 
cases of diphtheritic paralysis, even 
when there is no loss of power or sensa- 
tion in the lower extremities, and is 
regarded as a sign of the probable ap- 
pearance of paralysis elsewhere. 

Of 1313 patients seen by the writer, 85, 
or about 6 per cent., became paralyzed. 
Of these 85 patients, 65, or 77 per cent., 
recovered and 20 to 23 per cent. died. 
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In no one case could death be attributed 
solely or directly to paralysis, although 
in all cases it was contributory. In 10 
of the cases that terminated fatally the 
disease was of the malignant type, while 
in the others it was of a severe charac- 
ter. Eight had nasal implication, 7 a 
combination of faucial and laryngeal 
diphtheria with tracheotomy in three 
instances, and 27 had greatly enlarged 
cervical glands. Of the latter, 2 went 
on to suppuration. Of the 85 patients, 
53, or almost two-thirds had paralysis 
of the palate alone ; 15 of the eyes and 
palate; 3 of the eyes alone (strabismus). 
Of the 15 who were afflicted with paral- 
ysis of the eyes and palate combined, 3 
had paralysis of accommodation as well 
as strabismus. Paralysis of the ocular 
muscles alone is uncommon, and only 
2 of the 68 patients recorded were af- 
fected in that way. A. Love (Glasgow 
Med. Jour., Oct, 1911). 

The incidence of postdiphthcritic dia- 
phragmatic paralysis was 8 per cent, 
in 4259 cases of diphtheria. The 
average date of onset of the paraly- 
sis was 39yj days after the onset of 
the disease. Death usually occurred 
within 48 hours. No drug treatment 
availed. Marriott had reported a case 
in which artificial respiration had re- 
sulted in tiding the child over. The 
writer reported 8 cases, stating that 
the prognosis was 100 per cent, fatal. 
In view of this fact treatment by 
means of intratracheal insufflation, the 
pulmotor, and the Erlanger-Gessel 
apparatus was worthy of trial. Mix- 
sell and Giddings (Trans. Amer. Med. 
Assoc.; Med. Rec., June 25, 1921). 

In most of the throat cases the uvula 
and soft palate alone are involved. 
Nasal voice and regurgitation of fluid 
through the nose evidence the loss of 
power in these parts, and upon inspec- 
tion we see the uvula hanging straight 
downward, relaxed, and motionless upon 
the back of the tongue. Sensation as 
well as motion is gone, and there will be 
no response to irritation. If the pharyn- 
geal muscles are involved, there is diffi- 
culty in swallowing, and, if the larynx 


suffers, there will be aphonia and severe 
coughing upon attempt at swallowing 
anything by reason of the entrance of 
food or drink into the imperfectly closed 
organ. The latter class of cases is very 
likely to prove fatal through the devel- 
opment of pneumonia from the inspira- 
tion of foreign material. In the ex- 
tremities — arms, legs, or neck — we see 
more or less complete loss of power and 
sensation. The paralysis may not, how- 
ever, be generalized in these parts, but 
appears at times to attack only the mus- 
cles supplied by a particular nerve- 
trunk, or even a branch of a main nerve. 
The paralysis may be so extensive as to 
render the patient perfectly helpless. 
When the trunk is involved, the gravest 
danger arises from implication of the 
muscles of respiration. Usually the dia- 
phragm is first involved, but the inter- 
costals may suffer. If the diaphragm is 
paralyzed, the respiration is entirely 
thoracic; if the intercostals, then the 
diaphragm alone must do the work. 
Either affection is characterized by at- 
tacks of urgent dyspnea, with cyanosis. 
The mind being perfectly clear and res- 
piration maintained only by the greatest 
effort on the part of the victim, the dis- 
tress is often terrible. The danger of 
suffocation is imminent. Such an attack 
may pass off and there be no return ; but 
more often they recur in a short time. 
The patient may remain in this condi- 
tion for several days, before death 
finally ends the struggle. 

Few of these cases recover : only 8 in 
33 of Ross’s series. At any time there 
may be involvement of the pneumogas- 
tric nerves as well as the phrenic, the 
new invasion declaring itself by attacks 
of abdominal pain, vomiting, and feeble 
and slow or irregular pulse. At other 
times the heart may continue to act 
normally despite the respiratory distress. 
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We have already spoken of the 
purely cardiac type of this affection, for 
it is impossible on clinical grounds to 
separate from one another the cardiac 
failure due to changes in the myocar- 
dium from that produced by involve- 
ment of the j)neumogastric or other 
cardiac nerves by the neuritis. Fur- 
thermore, the two conditions are often 
associated. It may be well again to 
jx>int out the suddenness with which 
cardiac paralysis may occur by quoting 
from the Report of the American Pedi- 
atric Society the following paragraph: 
‘^Observations of some of the individ- 
ual cases are interesting, particularly 
those of cardiac paralysis. It is twice 
stated that the child had gotten up and 
walked out of the house, where it was 
found dead. 

‘Twice death occurred after sitting 
up suddenly; once, on jumping from 
one bed to another. One patient of 20 
years got up contrary to orders and 
died soon afterward. Another patient 
was apparently well, until he indulged 
in a large quantity of cake and candy, 
soon after which cardiac symptoms de- 
veloped and he died shortly.’' 

When the eyes are affected there is 
indistinctness of vision, usually result- 
ing in inability to read, caused by paral- 
ysis of the muscles of accommodation. 
The pupils may be dilated or sluggish 
in action from involvement of the 
sphincter iridis. Strabismus or ptosis 
from paralysis of the extrinsic muscles 
of the eyes is rarely seen. 

Facial and glossal paralyses have 
both been reported, and in some of the 
severest types of general paralysis the 
sphincters of the bladder and rectum 
are said to have been involved. 

If the case does not result fatally, 
either directly from the paralysis or 
from the diphtheria itself* or other com- 


plications, the paralysis will surely re- 
cover. In none of the cases observed 
by Goodall was the paralysis permanent 
The time required depends upon the 
degree and extent of the paralysis. 
Those in which the throat alone is af- 
fected usually recover completely within 
a week or two. Cases of multiple or 
generalized paralysis may require three 
or four months to regain normal power. 

Relapses occur in a little more than 1 
per cent, of all cases of diphtheria. 
They arc less frequent than late tonsil- 
litis in convalescence from diphtheria. 
They do not occur before the third 
week. The frequency of serum rashes 
after reinjection is much greater, their 
appearance is earlier and their phe- 
nomena are more intense than usual. 
Relapses must be distinguished from 
angina redux, scarlet fever and late 
tonsillitis. They are usually milder 
than the primary attack. Comparatively 
small doses of antitoxin should be em- 
ployed in the treapnent of relapses. 
Rolleston (Brit. Jour, of Dis. of Chil- 
dren, Aug., 1907). 

DIFFERENTIAL^ DIAGNOSIS. 

— The bacteriological investigations in- 
spired by the identification of theKlebs- 
Loffler bacillus have greatly simplified 
the question of the relationship of the 
various pseudomembranous inflamma- 
tions. 

We now know definitely that there 
are but two great types : the one termed 
pseudodiphtheria, produced by strepto- 
cocci or staphylococci and belonging to 
the acute infectious diseases, — ^measles 
or scarlet fever, — and true diphtheria, 
produced by the specific bacillus, and 
usually a primary and independent 
affection. 

On the other hand, these investiga- 
tions have added complexity to the 
problem of diagnosis of throat affec- 
tions by showing the presence of the 
specific bacilli of diphtheria in many 
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cases of sore throat free from mem- 
brane and previously passed over as 
simply “catarrhal” sore throat, and 
also in many of the cases of a fairly 
definite clinical type, formerly classi- 
fied as follicular tonsillitis. 

In the shifting of the lines that has 
followed these revelations a consider- 
able degree of mental confusion has 
been engendered and an uncertainty 
fostered that has led many to lose all 
faith in the results of clinical observa- 
tions. If it is necessary to rearrange 
the lines of classification somewhat, it 
is not required that we abandon all 
our former conceptions or no longer 
trust to careful observation. In the 
great majority of cases thorough ex- 
amination and careful consideration 
of all the factors concerned will en- 
able one to reach a positive diagnosis 
without awaiting the results of a bac- 
teriological examination, although the 
latter should always be employed if 
possible. For the sake of clearness 
we shall follow the order adopted in 
the description of clinical symptoms. 

Schick described in 1913 a method 
known as the Schick test, by which we 
find out the susceptibility of an individual 
to diphtheria: He injects a small amount 
of diphtheria toxin (%o of the minimum 
lethal dose for a guinea-pig weighing 300 
grams). This is so diluted that it is con- 
tained in 0.1 c.c. of fluid. This should be 
injected with a very small needle, taking 
care that it goes directly into the skin, the 
flexor surface of the forearm being the 
chosen locality. A small, raised, white- 
looking spot should result. Within 24 
hours these areas become somewhat cya- 
notic, slightly edematous and reddened. 
In 48 hours this passes off and a brown- 
ish pigmentation follows. This reaction 
occurs only in persons without natural 
antitoxin in their blood, and if fuch a re- 
action is positive, it indicates that less 
than of a unit of antitoxin is contained 
in 1 mil of blood, and the person may be 


considered susceptible to diphtheria. Chil- 
dren sick with diphtheria give the reaction 
when tested before having received the 
antitoxin serum. The newly born rarely 
give the reaction; they are usually immune 
(93 per cent.). According to Zingher 
(Amer. Jour, of Dis. of Child., Apr., 1916) 
from 17 to 32 per cent, between the ages 
of 2 and 16 years give a positive reaction. 

Summarizing their results, W. II. Park 
and A. Zingher (Trans. Amer. Assoc, of 
Immunol.; Jour. Amer. Med. Assoc.,- July 
8, 1916) conclude that it is advisable to 
immunize children soon after the first year 
of life, giving protection at a time when 
the disease is most dangerous. In addi- 
tion, such children show only mild local 
and constitutional symptoms after the in- 
jections. An immune child population 
could thus be developed, and the bacillus 
carrier would probably soon disappear. 

Koplik and Unger (Jour. Amer. Med. 
Assoc., Apr. 15, 1916) have devised a 
needle, bent to an angle of 170® one-quar- 
ter inch from its point, and mounted so 
as to leave exposed only the portion dis- 
tal to the bend. This needle, when dipped 
into pure diphtheria toxin, and imme- 
diately thrust endodermally, carries with 
it an almost immeasurable amount of 
fluid — about 0.(XX)14 c.c. Parallel observa- 
tions were made with this simplified tech- 
nique and the accepted Schick technique, 
and with perfect concordance as result. 
Traumatic pseudopositive reactions were 
entirely absent, and three-quarters of the 
pseudopositive reactions were eliminated. 
Editors. 

In nearly all cases in negroes ex- 
amined by the writer, the pigment 
was darker in color than the skin. 
The reaction is equally as clearcut in 
negroes as it is in whites. Wright 
(Jour, of Infect. Dis., Sept., 1917). 

Experience of over 2500 tests on 
as many recruits showed that the 
pseudoreactions are much more fre- 
quent among adults. Much of the 
confusion and uncertainty in the read- 
ing of the reactions can be obviated 
by the use of a control. The test 
should be performed as follows. A 
sample of the toxin to be used should 
be heated to 75® C. for 5 minutes to 
destroy the soluble, specific toxic 
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fraction. On the right forearm the 
usual Schick test is made with a 
1: 1000 dilution of the unheated toxin, 
while a similar control injection is 
made on the left forearm, using an 
equal volume of a 1.5: 1000 dilution of 
the heated toxin. The pseudoreaction 
shows a well marked redness after 48 
hours at the site of both injections, but 
this fades rapidly so that by the end of 
96 hours there is only a bluish brown 
area of pigmentation. Zingher (Jour. 
Amer. Med. Assoc., Jan. 26, 1918). 

Toxin-antitoxin immunization has re- 
duced the diphtheria rate among nurses 
at the Durand Hospital from 13 to 0.53 
per cent. The routine testing of pros- 
pective nurses and the immunization 
of those who were susceptible have 
practically removed diphtheria from 
the causes of sickness among nurses in 
a hospital devoted to treating con- 
tagious diseases. Crooks (Jour. Amer. 
Med. Assoc., Jan. 17, 1925). 

Nasal Cases. — The only cases that 
are difficult of diagnosis are those of 
primary nasal diphtheria. The thin, 
irritating, mucopurulent discharge, 
often brownish from the presence of 
blood, is quite different from the 
abundant, ropy mucus seen in simple 
catarrhal inflammation. Excoriation 
of the nares and eczema of the upper 
lip produced by the discharge are sug- 
gestive of diphtheria. Careful inspec- 
tion may show the presence of more 
or less white or grayish-white exudate 
on the mucous membrane, in which 
case the diagnosis of diphtheria may 
be safely advanced. Furthermore, the 
diphtheritic cases are usually accom- 
panied by some slight rise of tempera- 
ture, anorexia, and a distinct degree 
of constitutional depression not seen 
in cases of simple inflammation. In 
diphtheritic rhinitis the lymphatic 
glands are usually enlarged, while in 
the simple forms of rhinitis glandular 
enlargement is infrequent. Finally, 


these cases are much more often seen 
in institutions where the children are 
expo.sed to diphtheritic infection than in 
private or dispensary practice. 

Pharyngeal, or Tonsillar, Cases. — 
These often present difficulties in dia- 
gnosis, but a full consideration of all 
the factors in any case will usually 
lead to a correct judgment. The most 
difficult cases are the milder ones, 
where there is little or no membrane 
and the constitutional symptoms are 
slight. The question of exposure 
should be considered in every case. 
Children gathered in hospitals, or asy- 
lums, or attending schools are espe- 
cially exposed to diphtheritic infec- 
tion, and in them any form of sore 
throat may justly be looked upon with 
suspicion. So far as the catarrhal 
form of diphtheria is concerned, even 
with a history of exposure, there is 
no way of making a diagnosis of diph- 
theria in the early stages except by 
bacteriological cultures. The , after- 
course of some of these cases — in 
which we may see invasion of the 
larynx, bronchopneumonia, nephritis, 
or paralysis — may show them to have 
been diphtheria when no suspicion 
has previously been entertained. 

Case of a boy aged 7, supposed to 
have inspirated a bead, accounting 
for existing cough and attacks of 
suffocation. Bronchoscopic inspec- 
tion showed a little above and 
at the lower lobe bifurcation of the 
right lung, a membrane which bled 
on being loosened with a dull hook. 
Two hours later dyspnea became so 
urgent as to require immediate tra- 
cheotomy. Three days later the 
membrane was loosened under bron- 
choscopy and was removed piecemeal. 
Finally, the tube was removed on the 
seventh day. Nine months before, he 
had gone through a severe attack of 
diphtheria followed by cough. Skil- 
lern (Laryngoscope, Feb., 1917). 
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When diphtheritic membrane is pres- 
ent in the throat, it usually presents 
certain definite characters. It begins as 
a thin, translucent deposit upon one or 
both tonsils. Gradually or rapidly it 
becomes thicker, and assumes a white, 
gray or grayish-green, brown, or — in 
malignant cases — black color, and ex- 
tends peripherally to cover a larger and 
larger area. It is firmly attached to the 
mucous membrane or underlying tissues 
and cannot be easily rubbed oif. If re- 
moved by force, a raw, bleeding surface 
is left, and in a very short time the mem- 
brane is reproduced in its original or 
even a greater extent. Beginning upon 
the tonsils, the membrane rapidly ex- 
tends to other parts: the lateral walls 
of the pharynx, the fauces, or uvula. 
Upon any of these parts the membrane 
presents the same characters as at the 
original site. This extension of the 
membrane is most characteristic of 
diphtheria. The only cases in which we 
arc likely to see such extension of a 
pseudodiphtheritic membrane are the 
throat inflammations accompanying 
other infectious diseases, measles, 
small-pox, and — most of all — scarlet 
fever. The great majority of the mem- 
branous throat affections seen in the 
early stages of these diseases are pro- 
duced by the action of streptococci or 
staphylococci. When a similar process 
is seen as a late complication of infec- 
tious disease, it is more probably true 
diphtheria. 

The early temperature in diphtheria 
is not usually high ; it is, in fact, gen- 
erally lower than in pseudodiphthcria, 
with an equal amount of membrane. 
A high temperature in the beginning is, 
therefore, an indication that the case is 
not diphtheria. On the other hand, 
the prostration is greater in diphtheria 
than in pseudodiphtheria. The pulse is 


feebler ; the patients look and feel sicker 
than they do when suffering from 
pseudodiphtheria. The presence of a 
nasal discharge of a character de- 
scribed as belonging to nasal diphtheria 
and marked swelling and tenderness of 
the cervical lymi)h-nodes help to dis- 
tinguish some cases in the early stages. 
Later we look for the development of 
the typical complications or sequelae of 
diphtheria : invasion of the larynx, 
bronchopneumonia, albuminuria, or 
some of the manifold forms of paral- 
ysis. The occurrence of any of these 
processes is usually sufficient to make 
the diagnosis certain, although it is not 
impossible that any of them except the 
paralysis may be seen in cases of pseu- 
dodiphtheria. Paralysis subsequent to 
throat inflammation is seen only in 
diphtheria. Pseudodiphtheria is, in the 
great majority ot cases, a milder disease 
and of shorter course than diphtheria. 
As already remarked, the primary 
throat inflammation of scarlet fever 
most closely resembles true diphtheria. 
In fact, in every case where diphtheria 
is suspected, the i)ossibility of scarlet 
fever must be borne in mind and exam- 
ination made for the eruption. Often- 
times it will be found at the very first 
examination; at any rate, a brief delay 
will suffice to determine the question, as 
the eruption of scarlet fever so quickly 
follows the initial symptoms. It may 
even happen that the throat symptoms 
of measles may simulate diphtheria, 
and especially if the eruption be de- 
layed for a number of days. Here, 
however, there is rarely any membrane 
at all, and the presence of conjunctivitis, 
with the simple mucous discharges from 
nose and throat, should be sufficient to 
prevent mistake. 

After tonsillotomy there is a fibrinous 
deposit on the stumps of the tonsils, but 
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the absence of constitutional disturb- 
ances, and, alx>ve all, the history, will 
j)revent confusion with diphtheria. 

The form of pharyngitis described by 
Vincent often gives rise to the appear- 
ance of a nicni])ranc which may resem- 
ble that seen in diphtheria. The deposit 
may be on one or both tonsils and may 
spread to the pillars of the fauces and 
to the posterior pharyngeal wall. This 
is not a true membrane, such as occurs 
in diphtheria, but is merely a necrosis 
of the surface epithelium. In Vincent’s 
angina there is usually less prostration 
than in diphtheria, and the bacteriolog- 
ical findings in the former of the Bacil- 
lus fusiformis and spirilla and in the 
latter of the Bacillus diphthericc will 
make certain the nature of the disease. 

Furthermore, the presence of the 
spots described by Koplik is diagnostic 
of measles. 


Differentiate Diagnosis. 


1. Exposure to infec- 
tion from previous 
case of diphtheria. 

2. Greatest liability 
in early years: first 
to fifth year. 

3. Membrane either 
sc^en from first upon 
pharynx, fauces, or 
uvula, as well as 
tonsils, or rapidly 
extends to these 
parts. 

4. Membrane firmly 
' attached to under- 
lying tissues, and 
not easily rubbed 
off. 

5. If membrane be 
removed, leaves 
bleeding surface. 

6. If removed, mem- 
brane is very rap- 
idly reproduced in 
an even greater 
amount. 


1. No such expo- 
.sure : arises inde- 
pendently. 

2. Occurs at any age. 


3. Membrane limited 
to tonsils. 


4. Membrane loosely 
attached and easily 
removed. 


5. Membrane may be 
removed without 
such bleeding. 

6. Reproduction of 
membrane not so 
rapid or extensive. 


Differential Diagnosis (Continued). 


7. Discharge from 
nose thin, irrita- 
ting, often bloody, 
and produces ec- 
zema of upper lip. 

8. Submaxillary and 
cervical lymph- 
nodes swollen and 
tender. 


9. Membrane may be 
seen upon buccal 
mucous membrane, 
tongue, angles of 
the mouth, or lips. 

10. Onset gradual ; 
temperature low at 
beginning. 

11. Constitutional de- 
pression is more 
marked, the pulse 
weaker, and chil- 
dren more pros- 
trated. 


12. Course longer : 
usually live days to 
a week before 
marked improve- 
ment is seen. 

13. Albuminuria com- 
mon and severe ne- 
phritis frequent. 

14. Larynx often in- 
volved by extension. 

15. Paralysis of more 
or less extensive 
groups of muscles 
may occur, as a 
complication or se- 
quela. 


7. Nasal discharge 
not so common, and 
is simple mucopu- 
rulent. 

8. Swelling of lymph- 
nodes not so marked 
in primary cases ; 
is regularly met 
with, however, in 
throat inflamma- 
tions of scarlet 
fever, etc. 

9. Not seen upon 
these parts. 


10. Onset more sud- 
den ; temperature 
higher. 

11. Constitutional 
symptoms usually 
in proportion to 
temperature ; more 
moderate. Pulse 
rapid, but notweak, 
and depression not 
so marked. 

12. Course shorter, ex- 
cept in cases com- 
plicating infectious 
diseases; is usually 
three or four days. 

13. Much rarer. 


14. Larynx rarely at- 
tacked secondarily, 
except in measles or 
scarlet fever. 

15. No such paralysis 
seen. 


Laryngeal Cases. — When the laryn- 
gitis appears as the extension of a pre- 
vious process in the nose or throat, ex- 
cept in the case of measles or scarlet 
fever, we can safely put it down as 
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diphtheritic. The pseudomembran- 
ous throat inflammations of measles 
and scarlet fever often involve the 
larynx, trachea, and bronchi, although 
the processes are not usually diph- 
theritic. In any other case such ex- 
tension is almost conclusive evidence 
that we have to do with diphtheria. 
The greater difficulty is prevented by 
the primary cases of laryngitis in 
children. The characteristic feature 
of diphtheria of the larynx is its pro- 
gressive, unremitting dyspnea with 
aphonia. The disease steadily advances 
to laryngeal stenosis and death from 
strangulation, unless relieved by treat- 
ment. Simple catarrhal, or non-diph- 
theritic, pseudomembranous laryngitis, 
on the other hand, usually shows fre- 
quent and decided remissions — its crises 
belonging to the night, the day showing 
decided remission of all the symptoms. 
As in the pharyngeal cases, early high 
temperature belongs rather to the pseu- 
dodiphtheria. If laryngeal examination 
be possible and we can sec and deter- 
mine the character and extent of the 
membrane in the larynx, we ought to be 
able to reach a positive diagnosis; but, 
unfortunately, such examination is not 
practicable among young children, who 
furnish the great majority of the cases 
of acute laryngitis. Of 283 cases of 
acute laryngitis subjected to bacterio- 
logical examination by the New York 
Board of Health, 229 — or 80 per cent. — 
proved to be true diphtheria ; so that in 
the city, at least, the diagnosis in any 
such case would incline to diphtheria. 

While it is true that, as many authori- 
ties maintain, in 95 per cent, of the 
cases which an expert, after careful 
consideration, would pronounce diph- 
theria, cultures will show the presence 
of the specific bacillus, it i.iust be 
frankly admitted that there are many 


cases in which the most careful obser- 
vation cannot determine positively the 
question whether a given case is true 
diphtheria or pseudodiphtheria. Thus, 
in Scientific Bulletin No. 1, of the New 
York Board of Health, we find it stated 
that ‘‘Baginsky, in Berlin, found the 
diphtheria bacillus in 120 out of 154 
suspected cases; Martin, in Paris, in 

126 out of 200; Park, in New York, in 

127 out of 244; Janson, in Switzerland, 
63 out of 100, and Morse, of l>oston, in 
239 out of 400. Thus, from 20 to 50 
per cent, of the cases sent to diphtheria 
hospitals did not have diphtheria.'' If 
these figures approximate the truth, it 
is evident that we cannot trust with 
safety to clinical observations to de- 
termine the specific relation of cases of 
throat inflammation. On the other 
hand, the routine use of cultures from 
all cases of sore throat regularly shows 
the presence of the diphtheria bacillus 
in a considerable number of cases in 
which there were few or none of the 
features regarded as characteristic of 
diphtheria, and in which there was; 
therefore, little or no suspicions of the 
presence of the specific bacillus. 

While so far as the individual case is 
concerned, it may be remarked that the 
cases in which the diagnosis is most dif- 
ficult are the mild cases, those least 
likely to be attended with grave conse- 
quences to the patient himself, the fact 
should also be recognized that these 
mild cases are quite as dangerous to 
others as severe ones, and should, for 
the sake of the community, be subjected 
to strict quarantine. It is, therefore, 
essential to accurate work and proper 
care, as well as proper prophylaxis, that 
cultures should be made from all cases 
of sore throat. In no other way can we 
stand upon solid ground with relation 
to treatment, or hope to eventually gain 
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control of the widespread and danger- 
ous infection. 

In 529 cases, the laboratory workers* 
diagnosis agreed with the clinical dia- 
gnosis made by the hospital medical 
officer in 97.5 per cent. Caiger and 
O’Brien (Lancet, July 12, 1924). 

Methods of Making Bacteriological 
Examinations. — An immediate micro- 
scopic examination of the exudate in 
cases of suspected diphtheria will often 
justify a positive diagnosis. A bit of 
membrane removed from the throat by 
a swab is smeared upon a cover-glass or 
slide, dried, fixed by heat, and then 
stained with Loffler’s methylene-blue 
solution. 

With an oil-immersion lens we may 
then be able to determine the presence 
of bacilli sufficiently characteristic to 
warrant a positive diagnosis. The ba- 
cilli under such conditions do not have 
the characteristic features which are 
presented by cultures upon suitable 
media. They are much more irregular 
in size, shape, and staining properties. 
Positive judgment is, therefore, much 
more difficult and uncertain. Failure 
to find the bacilli by this method would 
in no way prove that the case was not 
diphtheria. The uncertainties of the 
method are so pronounced that it is 
rarely employed. 

The best culture medium for routine 
work is the Loffler blood-.serum, coag- 
ulated by heat in test-tubes in such a 
way as to give an extensive slanting 
surface for inoculation. It is important 
that the reaction of the medium be 
neutral or slightly alkaline, for the diph- 
theria bacillus grows very poorly on 
acid media. The swabs used in obtain- 
ing the infected material from the 
throat are made by wrapping a small 
quantity of absorbent cotton about the 
end of a small steel rod six inches in 


length. The swabs so made are inserted 
into test-tubes, which are then plugged 
with cotton and the whole sterilized by 
exposure to dry heat at 150® C. for one 
hour. To make a satisfactory culture 
a good view of the throat must be ob- 
tained and the swab rubbed upon the 
surface covered by the edge of the mem- 
brane, or — in the absence of membrane 
— ^upon the inflamed parts. In laryngeal 
cases where no membrane is visible it 
usually suffices to make the application 
of the swab either to the tonsils or as low 
in the pharynx as possible. In such cases 
if the first culture fails to show the pres- 
ence of diphtheria bacilli, it is always 
well to repeat the process, as second or 
third culture may show the bacilli pre- 
viously absent from the accessible parts 
of the throat. Care must be taken in 
inoculating the swab not to allow it to 
touch the tongue or any other part or 
surface than the one upon which the 
presence of the bacilli is suspected. 
Otherwise contaminating bacteria are 
inoculated upon the culture media and 
the value of the culture for diagnostic 
purposes destroyed. 

To carry out these directions in young 
children it is necessary that they be 
carefully held. The best method is to 
have the mother or nurse hold the child 
upon her right side, the child’s face 
turned toward the light and the head 
resting upon her right shoulder, one of 
the holder’s arms about the patient’s 
legs, the other controlling the arms. 
The physician can then usually insert a 
tongue depressor and control the head 
with one hand, while with the other the 
swab can be properly directed. With 
very fractious children it may even be 
necessary to have a second assistant 
hold the child’s head. Failure to take 
pains in making a proper application of 
the swab is accountable for many of the 
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unsatisfactory results obtained from as fine, granular elevations upon the 
cultures. The swab having been prop- culture surface, are swept oflF. The 
erly inoculated, the cotton stopper is loop is then immersed in the water 
withdrawn from the mouth of the tube upon the cover-glass and its contents 
containing the solidified blood-serum spread evenly over the glass. The 
and the swab then rubbed gently over preparation after being allowed to dry 
the surface of the culture medium, care in the air is fixed by passing it three 
being taken not to break the smooth times through a moderate gas flame. It 
surface of the medium. The swab is is then stained by covering it with Lof- 
. then withdrawn, the cotton stopper, tier’s alkaline methylene-blue solution 
which must have been held so as to have and allowing it to stand for ten minutes, 
escaped contamination from any outside or Neisser’s diphtheria stain can be 
source, replaced in the mouth of the used. The cover-glass is then washed, 
culture-tube, the swab dropped into its dried, and mounted in Canada balsam, 
tube again and confined by its own stop- The examination is made with a ^2 
per. The culture-tubes arc then ready oil-immersion lens. In a large propor- 
for incubation. Koplik has described a tion of the cases we see an almost pure 
rapid method of incubation and exam- culture of the diphtheria bacillus; next 
ination in which he allows only two or most frequently cultures of cocci, single, 
three hours’ incubation at 37® C., at the double, or in chains ; in some cases the 
end of which time he asserts that the cocci and bacilli are about equal in num- 
growth of the diphtheria bacilli is more her, and in a small number only a few 
characteristic than at any other period diphtheria bacilli are seen scattered 
of incubation. among great numbers of cocci. From 

When there is no special reason for time to time we see in the cultures ba- 
haste, it is usually more convenient to cilli which closely resemble the diph- 
adopt the method followed by the New theria bacilli, but with certain definite 
York Board of Health, of twelve hours’ ix)ints of distinction, and pseudodiph- 
exposurc ; the cultures are kept at body theria bacilli. The diphtheria bacilli 
temperature overnight, and are ready seen in such cover-glass preparations 
for examination in the morning. vary in length from 1.5 to 6.5 micra, 

It is not possible to determine the and in diameter from 0.3 to 0.8. They 
presence or absence of diphtheria bacilli occur singly or in pairs, rarely in chains 
in the cultures upon the blood-serum of three or four. The rods are straight 
from the gross appearances ; but if it is or slightly curved and are not usually 
found that the culture medium has been uniformly cylindrical throughout their 
liquefied during the incubation, it can length, but are swelled at the ends, or 
safely be said that contaminating bac- pointed at the ends and swelled in the 
teria are present in such numbers as to middle. The variety in size and shape, 
render the culture valueless. The diph- even from the same culture, is charac- 
theria bacilli 01 ; cocci do not liquefy the t’eristic. When in pairs, the bacilli may 
medium. lie with their axes in the same line or 

Upon the center of a clean cover- forming an acute or obtuse angle ; some- 
glass is placed a drop of sterile water, times they are crossed. The bacilli 
With a sterile platinum loop a number show no spores, but may contain highly 

of the colonies, which show themselves retractile bodies, especially in their 

4-*lf 
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swelled portions. When grown upon 
blood-serum and stained in the manner 
above described, the bacilli stain in a 
peculiarly characteristic way. Lack of 
uniformity, both in the individual ba- 
cillus and in the numbers of groups, is 
marked. Thus, different parts of a ba- 
cillus take the stain unequally; so that 
the ends are dark blue, while the center 
shows little or no color, or vice versa. 
Likewise bacilli lying side by side show 
marked difference in coloring, one being 
much more deeply stained than the 
other. This lack of uniformity in the 
staining of the bacilli seems to belong to 
a certain period of their growth; it is 
usually marked after the twelve-hour 
incubation, but may disappear entirely 
in older cultures. 

Mention has already been made of 
bacilli found in cultures resembling the 
diphtheria bacillus and yet not possess- 
ing the specific pathogenic properties of 
that bacillus, and therefore termed pscu- 
dodiphtheria bacilli. This term is most 
unfortunate, since these bacilli bear no 
relation to the throat inflammation 
termed pseudodiphtheria. As seen in 
cover-glass preparations, these bacilli 
are shorter, plumper, and more uniform 
in size and staining. They are most 
often met with in cultures from the 
nose. When obtained in pure cultures, 
these bacilli have been shown to be 
devoid of virulence. 

As seen under the microscope, the 
uniformity in size, shape, and staining 
is sufficiently marked from the varia- 
tions in these points noted with refer- 
ence to the diphtheria bacillus to enable 
practised observers to recognize them 
readily. 

Whenever we find the characteristic 
bacilli above described present in the 
cover-glass preparations, we can safely 
set the case down as one of true diph- 


theria, however few the bacilli may be 
in number in the smear, or with what- 
ever other bacteria combined. If the 
diphtheria bacilli are found at all, a 
second culture usually shows them 
greatly exceeding in numbers any other 
form of bacteria present, and the cases 
will be found to present the clinical 
symptoms of diphtheria. 

In any case, to render the bacteriolog- 
ical diagnosis complete, it would be nec- 
essary to obtain the diphtheria bacilli in 
pure culture and test their virulence by 
inoculation of susceptible animals. 

In routine practice this is done by in- 
oculating half-grown guinea-pigs with 
from to per cent, of their body 
weight of a forty-eiglit hours’ culture of 
the bacilli grown at 37° C. in simple 
nutrient or glucose alkaline broth. In 
carrying out such experimentation many 
precautions are necessary to render such 
work accurate and trustworthy. Much 
time and labor are consumed in the 
process. For our purposes it is suffi- 
cient to know that the great majority of 
those who have carried on such experi- 
ments under proper conditions with 
bacilli derived from pseudomembranes 
and presenting the morphological and 
staining characters of diphtheria bacilli 
have found the bacilli fully virulent. 

So long as the bacteriological diag- 
nosis is reinforced by clinical evidence 
of the presence of false membrane and 
the symptoms of diphtheria, we can 
safely trust to the examination of these 
cover-glass preparations. 

We find, however, that the examina- 
tion of healthy throats has led to some 
remarkable results. In the throats of 
those who have been exposed to diph- 
theria, but have remained perfectly well, 
we may find characteristic and fully 
virulent diphtheria bacilli ; in others we 
may find the pseudodiphtheria bacillus 
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already spoken of, or a bacillus which, 
^ while presenting the cultural and mor- 
phological characters of the diphtheria 
bacillus, proved in inoculations to be 
non-virulcnt. 

Thus, in a series of 330 healthy 
throats examined by the New York 
Board of Health, in 8 virulent charac- 
teristic diphtheria bacilli were found, in 
. 24 non-virulent characteristic diphtheria 
bacilli, and in 27 non-virulent pseudo- 
diphtheria bacilli. Since Hofmann’s ob- 
servation of these bacilli, so closely re- 
sembling the Ldffler bacillus, but devoid 
of virulence, a great deal of attention 
has been given to this subject. Opinion 
is vStill divided as to the relation of these 
non-virulcnt bacilli. On the one hand, 
they are regarded simply as degenerate 
or attenuated forms of the diphtheria 
bacillus; on the other, they are repre- 
sented as a distinct species. 

The identity of the pseudodiphtheria 
bacillus seems to be now established. 
In form these are smaller, shorter, and 
thicker than the diphtheria bacillus. 
When seen in stained smears the bacilli 
are often observed to be lying parallel 
to one another, in contrast to the irregu- 
larly angular disposition of the diph- 
theria bacillus. In their growth in broth 
the pseudodiphtheria bacilli develop al- 
kali, whereas the Loftier bacillus forms 
acid. They are never virulent. The.se 
differences are, by most authorities, 
considered sufficient to warrant the be- 
lief that they are a separate species. 

The other class of non-virulent bacilli 
found in the throat present all the char- 
acters of the Loffler bacillus except 
their virulence. Roux and Yersin be- 
lieved these bacilli to be simply atten- 
uated forms of the diphtheria bacillus. 
It was shown that they are particularly 
likely to be met with in the throats of 
those who have had diphtheria some 


time before, or have been exposed to 
diphtheria. It was also found that the 
diphtheria bacillus could be so attenu- 
ated by various methods of growth as 
to deprive it of its virulence. No one, 
however, has yet been able to restore 
virulence to any of the non-virulent 
forms met with, and the question must 
be considered as still open. 

Dependence upon clinical symptoms in » 
case of sore throat, whether with restricted 
or more marked exudation, is apt to be mis- 
leadinj?. Differentiation depends wholly 
upon the presence or absence of the Klebs- 
Lbffler bacillus. In all suspicious cases, a 
throat swab should be submitted at once to 
a laboratory and the case isolated until the 
report is received. Particularly in small 
children, and also in older individuals up to 
the age of 20 or 25 years, no delay in specific 
treatment should be permitted, but antitoxin 
should be given at once even in an only 
slightly suspicious case, without waiting for 
laboratory confirmation. 

In early suspected laryngeal cases, con- 
siderable diagnostic help may be obtained 
from laryngoscopy. As E. T. Gatewood (Va. 
Med. Mthly., Jan., 1922) states, it rarely be- 
comes necessary to intubate in laryngeal 
diphtheria if the condition is diagnosed 
early. A satisfactory culture can be ob- 
tained from infants, and children in such 
cases only by direct laryngoscopy. The 
distally illuminated laryngoscope, patterned 
after Jackson, is preferred for this purpose, 
and if it is inserted gently along the median 
line until the epiglottis is caught behind the 
spatula, no harm can possibly be done. A 
membrane seen on the larynx demands 
prompt use of antitoxin without a positive 
culture. Otherwise, cultures from the 
larynx are essential to diagnosis in the early 
stage. 

The authors advocate the method of 
Bordet and Gengou, of fixation of the 
complement, for a rapid, early, sure 
diagnosis. As antigen they employed an 
emulsion in salt solution of the mucus 
obtained from the tonsils and pharynx 
on a cotton tampon. Antidiphtheritic 
serum from the Pasteur Institute con- 
tained the amboceptor, and' fresh rabbit 
serum the complement. A sheep hemo- 
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lytic system was employed. Twenty- 
five cases of diphtheria resulted in 
fixation; 10 cases of non-diphtheritic 
angina, 9 of measles, and 3 of scarlatina 
showed hemolysis and were negative. 
Weil-llalle and Block-Michel (Bull, 
et mem. de la Soc. med. hop. de Paris, 
vol. xxvii, p. 707, 1910). 

Toluidin blue gives a better differ- 
entiation than any yet devised, and 
the technique is simple. The writer 
uses toluidin blue, 0.02 Gni.; glacial 
acetic acid, 1 c.c.; absolute alcohol, 2 
C.C., and distilled water, to make 100 
c.c. A smear is taken fresh from the 
throat, and, when fixed on a cover- 
glass, is stained by placing a thin drop 
of the stain directly upon it and in- 
verting it to make a hanging-drop 
preparation. This is then examined 
by artificial light, the blue of the 
fluid tending to neutralize the yellow 
rays. The' diphtheria bacilli stain a 
light blue with red granules, and are 
refractive. They arc differentiated 
from pseudodiphthcria bacilli at once. 
Ponder (Lancet, July 6, 1912). 

When circumstances demand exact 
differentiation, cultures on coagulated 
serum of the true diphtheria bacilli 
are dry and white, while those of the 
Hofmann bacillus are moist and yel- 
low. The diphtheria bacilli are slen- 
der, with numerous granulations, the 
rest of the protoplasm of an even, 
pale tint, not taking or retaining 

stains well. Hofman (Bull, de la 
Soc. med. des hop. de Paris, July 

27, 1917). 

The writer has used for 8 years the 
following mixture: Toluidin blue, 0.1 
Gm.,* glacial acetic acid, 0.5 c.c.; dis- 
tilled water, 100 c.c. A drop of stain 
is put on each film and a cover-glass 
is then placed over the preparation. 

The excess of stain is removed by 

blotting each slide between 2 layers 
of blotting paper immediately before 
being examined. The first slide is 
ready for examination about 1 min- 
ute after the stain is applied, and the 
others are taken in rotation. The 
best results are obtained by using 
strong artificial light. When slides 
are stained in this way the polar 


granules of B. diphtheric^ are of a 
deep reddish purple, while the bodies 
of the bacilli appear faintly blue. 
Most of the organisms found in diph- 
theria swabs, including Hofmann’s 
bacillus, are more faintly stained, so 
that B. diphtherice is readily detected 
when present only in small numbers. 
The stain may also be used in a simi- 
lar manner for demonstrating the 
bacillus in smears made directly from 
the swabs, in which case the film 
should be allowed to stand in the 
stain for from 2 to 3 minutes. Suth- 
erland (Lancet, Feb. 8, 1919). 

In primary tracheobronchial diphtheria, 
the usual cultures are negative. The 
most suspicious sign is the gradual 
onset of persistent and progressive 
dyspnea. At first the breathing is 
wheezy; then inspiratory stridor mani- 
fests itself, with croupy cough, while 
the voice remains clear. Air-hunger 
supervenes, with restlessness. In 1 
such case in a trained nurse an early 
clinical diagnosis was made; laryngo- 
scopy showed membrane protruding 
from the trachea and recovery occurred 
under 40,000 units of antitoxin. A 
similar result was obtained in a child 
of 18 months. H. Dupuy (New Orl. 
Med. and Surg. Jour., Sept., 1923). 

A staphylococcic pseudodiphthcria was 
found by the writer in 10 cases. Laryn- 
geal obstruction was always preceded 
by tonsillitis, sometimes with pseudo- 
membranes. Antitoxin, even when 
given early, proved useless, and in 4 
cases tracheotomy became necessary. 
The cases responded rapidly to staphy- 
lococcus vaccine, however, and no 
deaths occurred. Infected skin lesions, 
especially impetigo, in the patient or 
his associates, should suggest a staphy- 
lococcic infection. In doubtful cases 
of croup not responding to antitoxin, 
both the latter and staphylococcus 
vaccine should be given until bac- 
teriologic evidence is obtained. The 
vaccine also proved beneficial in 4 
cases of laryngismus stridulus. Brisset 
(Bull. Soc. nat. de chir.. Mar. 29, 1924). 

Smears from a large number of 
swabs showed the diphtheria bacillus in 
about 60 per cent, of the positive cul- 
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tures. The organisms of Vincent were 
found in many cases which were clin- 
ically confused with diphtheria. Smears 
from both the swabs and cultures were 
stained with Loffler’s alkaline meth- 
ylene blue and a diagnosis made on 
staining reaction, morphology and 
arrangement. Young and Crooks (Jour. 
Lab. and Clin. Med., Sept., 1925). 

ETIOLOGY.— As early as 1879 
Klebs is said to have observed the pres- 
ence of a peculiar bacillus in cases of 
diphtheria. Tn 1883 his observations of 
the presence of this bacillus in the pseu- 
domembranes from the throats of those 
dyinj^ of epidemic diphtheria were re- 
ported and brought to general attention. 
In 1884 L()ffler published the results 
of his observations. He had found the 
])acillus present in the great majority of 
cases diagnosticated as diphtheria, had 
been able to obtain the bacillus in pure 
culture, had inoculated it upon the 
abraded mucous membranes of sus- 
ccptilde animals and thereby produced 
])seudomeml)ranous inflammation, often 
followed by death; he had injected 
bouillon cultures of the bacillus subcu- 
taneously and had found characteristic 
lesions after the death of the animals 
so treated. In 1888 d’Espine found the 
bacilli present in 14 cases of typical 
diphtheria, and proved them to be ab- 
sent in 24 cases of mild sore throat not 
presenting the clinical characters of 
diphtheria. In the .same year Roux and 
Yersin reported that they had found 
bacilli presenting the characters de- 
scribed by Loffler in all cases of typical 
diphtheria. They showed that when in- 
oculated upon the healthy mucous mem- 
brane of the trachea of rabbits no effect 
was produced; but, if the membrane 
were previously abraded, the symptoms 
of pseudomembranous laryngitis in man 
followed: congestion of the mucous 
membrane, the formation of pseudo- 


membrane, swelling of the glands and 
cellular tissues of the neck, dyspnea, 
stridor, and asphyxia. From that time 
on numerous observations were made 
in France, Germany, and America, until, 
in 1891, Welch declared that all the con- 
ditions necessary to the demonstration 
of the specific relation of the Klebs- 
Loffler bacillus to diphtheria had been 
met: (1) its constant presence in cases 
of true diphtheria; (2) its isolation in 
pure culture, and (3) the production of 
all the symptoms of the disease by the 
inoculation of pure cultures in suscept- 
ible animals. Since that time evidence 
has been accumulated from many 
sources, till there can no longer be any 
doubt that the essential cause of diph- 
theria is the growth and development 
of this bacillus within the body. The 
disease must, therefore, be dependent in 
every case upon tlic presence and action 
of the diphtheria bacillus. 

The disease is common in all parts of 
the land. In the cities it is usually en- 
demic, the frequence and virulence of 
the disease varying from year to year; 
in rural communities it usually occurs 
as distinct epidemics, each new outbreak 
being dependent upon the introduction 
of the disease from without. It may 
also occur sporadically. It docs not, 
however, in any case arise de novo. 
Each new case is developed by infec- 
tion, however remote, from some pre- 
vious one. The infection may be direct 
or indirect, most commonly the former. 

The bacilli are usually present in great 
numbers in the discharges from the 
throat or nose of the patients, in the 
saliva, and in the membranes which may, 
from time to time, be coughed up. They 
are not, so far as evidence is had, pres- 
ent in the breath of the patients, but 
may abound in the air of the room or 
rooms inhabited by them. The bacilli 
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have even been reported as present in 
the urine of patients. 

Direct contact with the discharges 
from the nose or tliroat of tliose suffer- 
ing from diphtheria is most dangerous. 
Many a physician has fallen victim to 
diphtheritic infection received by allow- 
ing a child to cough in his face during 
the process of examination. Kissing the 
]>atients may likewise be the means of 
infection in many cases. 

While severe cases are usually due 
to the action of virulent bacilli and may, 
therefore, be especially potent in trans- 
mitting the disease, it is not to be for- 
gotten that apparently mild cases may 
harbor bacilli just as virulent and just 
as much to be avoided. As already re- 
marked, the most virulent bacillus Park 
has met with was derived from a mild 
case of diphtheria. The cases of viru- 
lent pharyngeal diphtheria are most 
dangerous on account of the quantity of 
the discharge. Purely laryngeal cases 
have little or no discharge, and are con- 
sequently less likely to spread the infec- 
tion. 

The bacteria may linger in the throat 
for weeks after the disappearance of all 
clinical symptoms and the patients con- 
tinue throughout the period to be sources 
of infection. 

Indirect infection may occur by means 
of the clothing of the patients, the bed- 
ding, carpets, wallpaper, draperies, eat- 
ing or drinking utensils, tongue-depress- 
ors, swabs, instruments of any kind 
used upon or about the patient, any- 
thing that has come in contact with the 
infectious discharges. Children’s toys 
or books are especially likely to be con- 
taminated and become means of carrying 
the germs to others. ^ 

The urine has been found to con- 
tain diphtheria bacilli long after the 
patient had recovered, several months 


in some instances. They have also 
been found in feces. 

The writer, with Haas, has published 
an article on anal diphtheria, and the 
presence of bacteria in the feces. 
This makes it imperative to disinfect 
these excreta as well as the urine. 
Delbanco (Deut. med. Woch., Nov. 
12, 1912). 

Virulent diphtheria bacilli reach the 
urine in about one-third of all cases 
and arc often in position to propagate 
the infection. The danger of direct 
contact infection is slight because of 
the great dilution, there being relatively 
few bacteria present in a given bulk of 
urine. Yet under favorable conditions 
the urine might contaminate the milk 
vessels and so infect a milk supply. In 
theory the urine might infect the pa- 
tient’s skin, causing, for example, diph- 
theritic vulvitis. Conradi and Bierast 
(Deut. mcd. Woch., Aug. 22, 1912). 

Diphtheria bacilli found in the urine 
in all of 19 children examined when 
they had supposedly entirely recovered 
from diphtheria. The interval at date 
of writing was from four to .eight 
weeks up to fourteen weeks, and in 6 of 
the 8 cases in which animals were in- 
oculated with the bacilli they jjroved 
virulent. Strict hygiene would require 
the isolation of the children until the 
urine was free of bacteria. Beyer 
(Munch, med. Woch., Feb. 4, 1913). 

Apart from the question of the trans- 
mission of the disease from case to case, 
many other factors may influence the 
development and spread of diphtheria. 

Sex aj)parently has no influence, but 
age materially influences the suscepti- 
bility. Nursing children are usually im- 
mune and contract the disease only by 
continued close contact with those suf- 
fering from it. The greatest suscepti- 
bility lies between the ages of 2 and 5 
years; from 5 to 10 many cases are 
.seen; after JO the susceptibility dimin- 
ishes very rapidly, and in adults it is but 
slight. The following table of 14,688 
deaths occurring in New York in ten 
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years, tabulated by Billington, illustrates 


these points: — 

Under 1 year 1,214 

From 1 to 5 years 9,622 

From 5 to 10 years 3,212 

From 10 to 15 years 311 

Over 15 years 329 


Total 14,688 


In 1000 deaths due to diphtheria, 
20 per cent, occurred in children less 
than 1 year of age; 25 per cent, be- 
tween 1 and 3 years; 62 per cent, of 
all deaths occurred before the age of 
5. Laryngeal diphtheria was far 
more prevalent than other forms; 
pharyngeal was next, and the nasal 
form last. A culture should be taken 
in all conditions where there is a pos- 
sibility, even though remote, of diph- 
theria. B. W. C arey (Boston Med. 
and Surg. Jour., Jan. 16, 1919). 

The season of the year exerts some 
influence. Thus, in England and Wales 
the average number of dcatlis for each 
quarter of the year, from 1870 to 1893 
inclusive, was as follows : First quarter, 
1000. Second quarter, 819. Third 
quarter, 847. Fourth quarter, 1192. 
(Thorne.) 

Diphtheria is, therefore, more com- 
mon during the cold months of fall and 
winter than during the spring and sum- 
mer. The same fact is borne out by 
Bosworth’s analysis of 18,688 deaths 
from dijDhtheria occurring in New York 
during thirteen years. Of these, 10,769 
occurred from October to March, and 
7919 from April to September, inclusive. 

The massing of children in schools, 
asylums, and hospitals produces condi- 
tions favorable to the development and 
spread of diphtheria, doubtless by in- 
creasing the chances of infection. The 
schools have often been pointed out as 
the sources of epidemics of diphtheria, 
which could only be controlled by clos- 
ing the institutions concerned. 


The following section from the Bul- 
letin of the New York Board of Health 
is of interest in this connection : — 

'Tt has been the practice of the De- 
partment to plot upon a city map the 
location and date of every case of diph- 
theria in which the diagnosis had been 
settled by bacteriological examination. 
After several months the map presented 
a very striking appearance. Wherever 
the densely settled tenements were lo- 
cated, there the marks were very numer- 
ous, while in the districts occupied by 
private residences very few cases were 
indicated as having occurred. It was 
also apparent that the cases were far less 
abundant, as a rule, where the tenements 
were in small groups than in the regions 
of the city where they covered larger 
areas. At the end of six months there 
were square miles in which nearly every 
block occupied by tenement houses con- 
tained marks indicating the occurrence 
of one or more cases of diphtheria, and 
in some blocks many (15 to 25) had oc- 
curred. 

'"As the plotting went on, from time 
to time the map showed the infection 
of a new area of the city, and often the 
subsequent appearance of an epidemic. 
It was interesting to note two varieties 
of these local epidemics : in one the sub- 
sequent cases evidently were from neigh- 
borhood infection, while in the second 
variety the infection was as evidently 
derived from schools, since a whole 
school district would suddenly become 
the seat of scattered cases. At times, in 
a certain area of the city from which 
several schools drew their scholars, all 
the cases of diphtheria would occur (as 
investigation showed) in families whose 
children attended one school, the chil- 
dren of the other schools being for a 
time exempt.’^ 

A number of epidemics have been 
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traced to infected milk, the infection 
arising from the presence of diphtheria 
among those engaged in handling the 
milk. 

Certain English observers have also 
claimed to have discovered a specific 
disease among milch cows, characterized 
by an eruption of vesicles and pustules 
upon the udders and teats, accompanied 
by the presence of the diphtheria bacillus 
in the local lesions, and capable of being 
re])roduced by infections of the bacilli. 

Other outbreaks of diphtheria have 
been attributed to bad drainage, de- 
fective sewers, or the presence of an 
abundance of decomposing organic 
matter. It is also held that certain 
domestic animals — pigeons, cats, etc. 
— are susceptible to diphtheria and 
may be the means of transmitting it 
to man. 

During the World War, some w;ounds 
were stated to have contained diph- 
theria, bacilli. In most instances, how- 
ever, these proved to be diphtheroids. 

In September, 1917, a report was 
published by Fitzgerald and Robert- 
son upon the presence of the diph- 
theria bacillus in wounds of returned 
soldiers. They found no less than 
40 out of 67 cases yielded cultures of 
B. diphthcri<r. These findings led to 
a study of 306 cases. Of these 56 
showed the presence of diphtheroid 
organisms, while 2 contained bacteria 
yielding all the characteristics of the 
B. diphthericc. Adami, Bowman and 
others. (Can. Med. Assoc. Jour., viii, 
769, 1918). 

Skin diphtheria would be found 
oftener if cultures were taken from 
slow healing wounds. In each of 2 
cases a finger was the seat of the infec- 
tion. In 1 of the cases the knee and 
dorsum of the foot were also affected. 
In this case, treatment consisted in 
removing the necrotic tissue with a 
sterile applicator and applying 10 per 
cent, silver nitrate once a day. Friedel 
(Minn. Med., Nov., 1925). 


The writer confirmed Feiler's experi- 
ments to the effect that trypaflavin in 
a dilution of 1 : 100 or even 1 : 1000 is 
capable of neutralizing experimental 
diphtheritic infection of skin wounds in 
guinea-pigs. Reinhardt (Zeitschr. f. 
Hyg. u. Infekt., Jan. 17, 1922). 

However much or little insanitary 
surroundings may contribute to the de- 
velopment of diphtheria, the active and 
essential cause must be the diphtheria 
bacillus, and our plans for limiting 
the ravages of this disease must in- 
clude the control of the individual 
cases, each of which is a focus for the 
farther spread of the infection. 

The tenacity to life of the bacillus 
outside the body is remarkable. Hof- 
mann found that it would live for 155 
days on blood-serum; Loffler and Park 
for 7 months, and on gelatin Klein 
found it living after 18 months. On 
bits of dried membrane Klein found 
living bacilli after 14 weeks. Park 
after 17, and Roux and Yersin after 
20 weeks. Abel says that, dried on 
silk threads, they may live 122 days, 
and upon a child's plaything kept in 
a dark place he found the bacilli alive 
after 5 months. 

The period of incubation of diph- 
theria varies from two days to a week. 
It is doubtless affected by the number 
and virulence of the organisms present 
and by the resisting power of the patient. 
In most cases it is impossible to deter- 
mine the time of exposure, much less 
that of infection. Second attacks of 
diphtheria are rare, but do occur. In 
one case observed at the New York 
Foundling Hospital, a boy of 4 had 
croup in March. The diphtheria bacilli 
were demonstrated in cultures from the 
throat. Antitoxin was given and he re- 
covered. Twenty-five days later, having 
been apparently well in the mean time, 
he developed tonsillar diphtheria, which 
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extended to the larynx ; pneumonia de- 
veloped, and death followed, thirty-four 
days from the conclusion of the first 
attack. According to Zucker, second or 
third attacks comprise 9 to 13 per cent, 
of all cases of diphtheria. 

Transmission by Carriers. — In some 
cases persons who are themselves 
perfectly healthy, but who have been 
in contact with diphtheria cases, are 
found to harbor the bacilli in the nose 
or throat and may be the source of in- 
fection to others. On several occa- 
sions the development of a series of 
cases of diphtheria in a single nursery 
of the New York Foundling Hospital 
has led to the examination by cultures 
of the throats of all children in that 
nursery, with the result of usually find- 
ing two or three who, while apparently 
healthy, had typical germs in their 
throats. 

Considerable light was thrown on the car- 
rier state by the investigations of Moss, 
Guthrie and Marshall (Bull. Johns Hopkins 
Hosp., Feb., 1921). They found that inocu- 
lation of human beings with avirulent 
diphtheria bacilli could be readily effected 
without causing any symptoms or change in 
the appearance of the throat. The resulting 
carrier state was persistent, 2 carriers still 
harboring the bacilli 15 months later. Anti- 
toxin did not prevent the lodgment and 
growth of the organisms. No cases of clin- 
ical diphtheria developed among the asso- 
ciates of these “healthy carriers.” After 
prolonged sojourn in the throat the bacilli 
showed no change in morphology or other 
characteristics and no tendency to become 
virulent. Spraying the nose and throat with 
a tolerable gentian violet solution seemed 
without effect in eradicating the avirulent 
bacilli. Inoculating bacilli virulent for 
guinea-pigs in 8 volunteers, Guthrie, Mar- 
shall and Moss (Bull. Johns Hopkins Hosp., 
Dec., 1921) observed the 4 with positive 
Schick test fall ill with diphtheria and all 
become carriers after their recovery. Of the 
4 with negative Schick tests, none developed 
the disease, but 3 became carriers. 


Out of 91 infants with purulent otitis 
media in an institution, Davidsohn and Heck 
(Berlin, klin. Woch., Aug. 29, 1921) found 
diphtheria bacilli in 28. Some were virulent 
and others avirulent. There were no evi- 
dences of toxemia and the germs are be- 
lieved to have been secondary invaders. In 
the infants with the most persistent ear dis- 
charges the bacilli were nearly always 
found. The possibility of diphtheria trans- 
mission in this way should receive due con- 
sideration. The organisms were made grad- 
ually to di.sappear by syringing of the ear 
with formalin solutions. 

This question of diphtheria bacilli 
carriers has received considerable at- 
tention. In a study by the writers a 
total of 784 smears were taken, in- 
cluding some from the relatives of 
44 of the children. The number of 
carriers invariably showed a marked 
increase when a child entered who 
had recently passed through diph- 
theria, or a child developed it in the 
school or ward. The closer neigh- 
bors of the diphtheria ease nearly al- 
ways had dij)hllieria bacilli in their 
throats. Renault and Levy (Arch, 
de med. des enfants, Sept., 1915). 

Long clinical experience showed the 
curative value of a coating of oil 
applied to the nasopharyngeal mucous 
membrane in diphtheria, influenza, 
I)ertussis, tonsillitis, etc. For this 
purpose jasmine oil was most satis- 
factory, being non-irritating. With 
the patient reclining and head thrown 
far back, half a medicine dropper full 
of the oil should be introduced into 
the nostrils drop by drop. The posi- 
tion should be retained for a minute, 
after which the head should be ro- 
tated, first to one, then to the other 
side. William Ewart (Brit. Med. 
Jour., Dec. 11, 1915). 

To verify the report of Friedberg, 
Ruh, Miller, and Perkins that certain 
persistent diphtheria carriers gave 
negative cultures after tonsillectomy 
and removal of adenoids, the writer 
studied the tonsils from 7 diphtheria 
carriers all of whom had had posi- 
tive cultures from nos^ or throat for 
21 days or over. Tonsils from 14 pa- 
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ticnts who had undergone tonsillec- 
tomy for various other causes were 
used as controls. In the tonsils of the 
7 diphtheria carriers, 6 showed Gram- 
positive headed bacilli in large num- 
bers. These were found chiefly in the 
crypts, in the plugs of tissue and in the 
tissues lining the crypts in which the 
epithelium was very thin. Of the 14 
pairs of control tonsils studied only 2 
showed any Gram-positive bacilli. 
Cleaning up of diphtheria carrier cases 
by tonsillectomy is due to the removal 
of an important focus of infection. 
Brown (Jour. Infect. Dis., Oct., 1916). 

Several instances are recorded by 
the w’riter in which, after tonsillec- 
tomy and removal of adenoids, dis- 
appearance of the bacilli occurred in 
2 days. S. A. Friedberg (Jour. Amer. 
Med. Assoc., Mar. 11, 1916). 

The writers freed 88 carriers of 
bacilli by an average of 19.1 applica- 
tions of 1 per cent, mercurochrome 
solution with the medicine dropper, 
spray, or swab. Two more resistant 
cases continued to harbor the bacilli in 
the tonsillar crypts and scars of a 
peritonsillar abscess, though a 2 per 
cent, solution was used. Gray and 
Meyer (Jour, of Inf. Dis., Apr., 1921). 

A jet of superheated air directed on 
the throat for 10 or 15 minutes seemed 
effective, the 50 patients becoming 
bacteria-free usually after 3 to 5 appli- 
cations. De la Riviere (Bull, dc I’Acad. 
de med.. May 3, 1921). 

The writer uses the same procedure 
as Riviere for 5 or 10 minutes twice 
a day, plus insufflation of powdered 
antitoxin into the nasal cavities and 
nasopharynx at night. Audouard (Bull. 
Soc. med. des hop. de Paris, Feb. 4, 
1922). 

The writers used 5 per cent, mercuro- 
chrome and saturated gentian violet 
solutions in separate groups of scarlet 
fever cases with diphtheria infection. 
The solutions were swabbed in the 
nose and throat twice daily for 3 days, 
24 hours elapsing before the culturing. 
The first agent cured 68 per cent., the 
second 62 per cent., while of the con- 
trols, 34 per cent, cleared up without 
the treatment. Estabrook and Lincoln 


(Jour. Mich. State Med. Soc., Jan., 
1922). 

Negative throat cultures were soon 
obtained in several carriers treated as 
follows: On awakening, after each 
meal, and during the evening, the 
nares and fauces are flushed with 
saline solution to remove mucus. They 
are then at once sprayed with 2 per 
cent, gentian violet solution. A culture 
is taken just before 1 of the treatments. 
When 2 negatives have been obtained, 
the dye is discontinued and another 
culture taken 48 hours later. The 
patient and family should be warned 
that the dye will stain everything but 
the skin, mucosa and teeth. J. S. 
Saurnian (Jour. Amer. Med. Assoc., 
July 26, 1924). 

The writer recommends ether inhala- 
tions by the open method every morn- 
ing for 5 days, sufficient anesthetic be- 
ing used to produce marked drowsi- 
ness. R. I. Longabaugh (U. S. Naval 
Med. Bull., Aug., 1924). 

Data showing that 152 out of 185 
carriers treated with the X-ray tended 
to remain free of virulent organisms 
after an interval of 90 days. In another 
series of 23 cases, negative cultures 
were obtained after 1 or at most 2 
treatments. A broad focus Coolidge 
tube, 10 in. focal skin distance, 7 in. 
gap, 5 ma., and 3 mm. aluminum filter 
were used. Both the tonsillar areas 
and postnasal space were treated at 
each sitting. D. Kahn (Amer. Jour, 
of Roentg., Oct., 1924). 

The writer uses a 10 per cent, 
ichthyol ointment, applying as much of 
it as the end of a swab will hold. 
Using one swab for each cavity, the 
ointment is applied to the nasal sur- 
faces and nasopharynx 5 days in suc- 
cession. Israeli (Jour, of Lab. and 
Clin. Med., Apr., 1925). 

The isolation of these children 
would at once break the succession 
of cases of diphtheria previously ob- 
served. It may also happen that 
physicians or nurses transmit the 
germs either by their hands or cloth- 
ing from one case to another. The 
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frequent occurrence of diphtheria in 
the families of physicians is sufficient 
evidence of the need of care. 

PATHOLOGY. — The bacteriolog- 
ical investigations of recent years have 
materially affected our views of the 
pathology of diphtheria. We have 
learned that the local lesions of the 
mucous membranes really constitute a 
very subsidiary part of the process. In 
them the diphtheria bacilli grow and 
multiply, developing in their growth cer- 
tain organic substances, termed toxins, 
which are readily absorbed into the cir- 
culation and by their action produce 
constitutional symptoms and remote af- 
fects more characteristic of the disease 
than the local lesions themselves. The 
diphtheria bacilli have been found not 
only upon the mucous membranes, but 
in the lungs, liver, spleen, lymph-nodes, 
kidneys, and even upon the valves of the 
heart. They are not, however, present 
in great numbers in any of these organs; 
in fact, they are, except possibly in the 
case of the lungs, so few in number as 
to be demonstrable only by means of 
cultures. Their presence in the viscera 
does not excite characteristic lesions of 
these parts, and seems to be an acci- 
dental accompaniment rather than an 
essential part of the disease. 

The diphtheria bacillus present in the 
blood and cerebrospinal fluid. In the 
blood it is said to occur in less than 5 
per cent, of cases. The bacillus likewise 
enters the cerebrospinal fluid in at least 
one-half of all cases. In a study of the 
lungs at the Hamburg-Eppeiidorf Hos- 
pital, in 67 cadavers (of which number 
43 had died during the period of dis- 
ease and the rest after the disease 
proper had run its course) diphtheria 
bacilli were found in the lungs in 56 
subjects (85 per cent.). In all but 6 
cases of the positive finds other bacteria 
were present, chiefly erysipelatous strep- 
tococci. In the negative cases the 
microbic finds were insignificant. The 


association of the Klebs-Lofller and 
Fehleisen bacteria in so many cases (27 
in all) was at least suggestive. Reyc 
(Miinch. med. Woch., Oct. 29, 1912). 

The action of the toxins is char- 
acteristic and important. These sub- 
stances have been i.solated and studied 
especially by Brieger and Fraenkel, 
Roux and Yersin. I'hey have been 
found to be allied to the albumins, and 
have been designated as toxalbumins. 
In experimental inoculations in suscept- 
ible animals, as shown by Welch and 
Flexner and others, they liave been 
found to produce all the characteristic 
features of diphtheria except the mem- 
brane, especially the characteristic post- 
diphtheritic paralysis. The most strik- 
ing of their remote effects are produced 
in the lymjdi-nodes and liver. In the 
lymph-nodes they produce a distinct hy- 
perplasia ; in the liver necrosis or death 
of small areas of liver-cells, focal ne- 
croses, similar to those seen in the liver 
in typhoid fever and other infectious 
diseases. 

We must, therefore, believe that the 
presence of these soluble poisons in the 
circulation constitutes a very important 
feature of diphtheria. These toxins, as 
already noted, are elaborated in the local 
lesions of the mucous membranes, and 
not by the bacteria that may be present 
in the various viscera. The quantity and 
quality of the toxins generated seem, as 
a rule, to be proportionate to the sever- 
ity of the local process. 

Research showing that diphtheria 
toxin, when introduced into the body, 
actsi as a cell stimulus causing a de- 
pression of functional activity. 

These changes are definite, and the 
same qualitatively as those produced 
by other forms of depressant stimuli. 
This is probably not due to the action 
of the toxin directly. 

With fatal doses of toxin, the de- 
pression varies directly with the 
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length of time that the toxin is al- 
lowed to act upon the tissues. The 
profound depression which is induced 
in the tissues is sufficient to account 
for the accompanying paralysis. Sim- 
mons (Jour, of Med. Research, July, 
1917). 

Catarrhal Diphtheria. — As we have 
already seen, the local effects of a diph- 
theritic inflammation vary greatly. 

In catarrhal diphtheria there is red- 
ness and some swelling of the mucous 
membrane of nose, throat, tonsils, or 
larynx, usually with an increased secre- 
tion of the mucous glands. None of 
these would show niacroscopically in the 
rare cases when death follows such a 
process. Oertel has, however, found in 
these cases degeneration of the epithelial 
cells of the mucous membranes similar 
to those seen in pronounced cases of 
diphtheria. 

The Diphtheritic Membrane. — The 

membrane is most frequently seen upon 
the tonsils, soft palate, uvula, pharynx, 
nares, larynx, trachea, or bronchi. In 
severe cases it may appear upon the lips, 
especially at the angles of the mouth, 
the buccal mucous membrane, and the 
tongue. Very rarely it appears in the 
esophagus, stomach, or intestines. In 
fact, the freedom of the esophagus, 
when the diphtheritic membrane may be 
seen completely covering the pharynx 
and tonsils and extending throughout 
the whole respiratory tract even to the 
terminal bronchi, is most remarkable. 
Even in the severest cases the mem- 
brane usually stops abruptly at the be- 
ginning of the esophagus. 

It is also possible to observe a true 
diphtheritic membrane upon abraded 
cutaneous surfaces ; upon wounds, as in 
tracheotomy, or upon the conjunctiva 
or the genital mucous membrane. The 
color of the membrane may be white, 


gray, greenish white, yellow, or more or 
less black when there has been hemor- 
rhage from the affected surfaces. It 
may be thick and elastic, so as to be 
stripped off in sheets, or thin and dif- 
fluent. The thicker membrane is ob- 
served upon the surfaces covered with 
columnar epithelium, with a definite 
basement membrane, such as the nose, 
larynx, trachea, and bronchi. Here, too, 
it is but loosely attached ; so that it is 
often thrown off in casts during life, or 
after death may easily be stripped off 
from the underlying surfaces. Upon the 
tonsils, pharynx, uvula, and fauces, 
where the epithelium is of the squamous 
variety and without a basement mem- 
brane, the diphtheritic membrane is 
much more closely attached. Often in 
these situations we see, after death, no 
distinct membrane, but a diffluent exu- 
date, which may be easily washed off, 
leaving a distinctly ulcerated surface 
beneath. 

Microscopically the membrane or exu- 
date is found to consist chiefly of fibrin, 
mingled with epithelial cells from the 
mucous membrane ; pus-cells, red blood- 
cells, granular material, and bacteria. 
The superficial parts of the membrane 
are granular in character, while beneath 
we find a more or less distinct network 
of fibrin, inclosing within its meshes the 
cells, granular material, and bacteria. 
The bacteria are the diphtheria bacilli 
together with streptococci or staphylo- 
cocci, and rarely pneumococci. The in- 
flammatory process may be superficial 
or may extend irregularly into the mu- 
cous membrane, in some cases involving 
the submucous tissue and even the mus- 
cular coat. The bacteria may likewise 
penetrate deeply into the tissues, but are 
usually most abundant in the superficial 
parts of the membrane. The epithelial 
cells of the mucous membrane undergo 
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degeneration, their protoplasm becoming 
granular, their nuclei fragmented, and 
the cells ultimately breaking up into 
granular material. The pathological 
process is, therefore, a coagulation ne- 
crosis involving the mucous membrane 
more or less deeply. 

The pseudomembrane is cast off in 
masses or is gradually disintegrated, 
with more or less destruction of the 
mucous membrane. The process of sep- 
aration is usually attended by a more 
abundant cellular exudation beneath the 
pseudomembrane. Except in the gan- 
grenous cases apart from the tonsil, in 
which there may be extensive destruc- 
tion of the tissues, the integrity of the 
mucous membrane is completely re- 
vStored, leaving no traces of the preced- 
ing disease. Gangrene is not properly a 
part of the diphtheritic process, but is 
caused either by especially unfavorable 
conditions affecting the vitality of the 
patient or by the invasion of unusually 
virulent bacteria other than the diph- 
theria bacilli, probably the streptococci. 

The seat and distribution of the mem- 
brane vary greatly in different cases. 
The point of importance with reference 
both to symptoms and prognosis is the 
involvement of the larynx. Of 1000 
cases analyzed by Lennox Browne, the 
larynx was involved in 159, in only 4 
of which number was the affection lim- 
ited to the larynx. In a similar analysis 
of 109 cases by Holt, the larynx suffered 
in 46, in 10 of which the disease involved 
either the larynx or the larynx with the 
trachea or bronchi. Holt gives no purely 
nasal cases in his series ; 2 are given by 
Browne. In the great majority of cases 
the membrane is found upon the tonsils 
or the adjacent parts, the pharynx, uvula, 
and pillars of the fauces. Six hundred 
and seventy-two of Browne's luOO cases 
showed such distribution. 


Since extension of the membrane usu- 
ally increases the severity of the case 
and the probability of death, the clinical 
records of Browne show the compara- 
tive frequency of the various forms 
better than tables which are largely 
formed from autopsy records. Laryn- 
geal cases are also much more frequently 
met with in children’s hospitals or asy- 
lums than in dispensary or private 
practice. 

In cases involving the nasal cavities 
the process is often catarrhal, and there 
may be no macroscopic lesion after 
death. In many such cases, however, 
there may be membrane in the rhino- 
pharynx, the adenoid tissue of the vault 
of the pharynx being a favorite seat of 
the disease. When membrane is devel- 
oped in the nose, it Is usually thick and 
but loosely attached; so that it may 
readily be thrown off as casts of the 
nares. 

Upon the tonsils the membrane may 
be found only in the crypts, resembling 
a follicular tonsillitis, or it may be in 
scattered patches, or may completely 
cover the surface. It is closely adherent. 
The tonsils are swelled and may even 
meet in the median line. In most cases 
the membrane spreads to the surround- 
ing parts: the pharyngeal walls, the 
fauces, or uvula. The epiglottis is also 
frequently involved in these cases, even 
when the larynx is not affected. The 
membrane often extends into the rhino- 
pharynx and thence may pass to the 
Eustachian tubes and the middle ear. 
Upon the uvula or fauces the membrane 
is usually thicker and more loosely at- 
tached than that upon the tonsils. 

The uvula is swelled and edematous. 
The epiglottis, if involved, is swelled 
and thickened, and one or both surfaces 
may be covered with membrane. After 
death the membrane upon these parts 
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does not show as clearly as during life, cases where the membrane appears upon 
and we are apt to find a more or less the pharyngeal walls it will be found to 
marked ulceration of the parts. Tlie stop short at the level of the cricoid 
epiglottis frequently shows considerable cartilage, the esophagus being perfectly 
destruction of the mucous membrane, normal. 



Diphtheria of tonsils, larynx, trachea, and bronchi. At upper end the tonsils and base of 
tongue are seen. The tonsils showed superlicial ulceration, covered by thin membrane. Epi- 
glottis is thickened, lllght ventricle of larynx filled by exudate and obliterated. From left 
vocal cord hang some shreds of membrane. Immediately below vocal cords membrane com- 
pletely covers larynx and trachea. Lifted on the skewers it contracts to a rope-like strand, 
which is seen extending to finest bronchi on right side. Both lower lobes of lungs con- 
solidated by pneumonia. 

Microscopically the pathological process The appearances in the larynx are 
may extend deeply into the submucous quite different from those met with in 
or even the muscular coats of these the throat. The laryngeal process may 
parts, but the ulceration rarely extends be simply catarrhal, even when there is 
beyond the superficial epithelium. In abundant membrane in the throat and' 
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there have Jbeen marked laryngeal symp- 
toms ; so that the larynx after death may 
appear normal, or there may be a slight 
congestion of the mucous membrane and 
the vocal cords after death. In other 
cases we see a finely granular deposit 
upon the cords and mucous membrane, 
and the ventricles of the larynx may be 
filled by a yellowish-white exudate, but 
there is no distinct membrane. Again, 
we may see a distinct membrane mask- 
ing the cords, obliterating the ventricles, 
and covering the mucous membrane be- 
low. 

When there is either exudate or 
pseudomembrane present in the larynx, 
it is rarely limited to that part, but will 
be found to extend into the trachea and 
bronchi, and even the lungs. In the 
trachea we may see scattered areas of 
membrane, or the membrane may line 
the whole extent of the respiratory tract. 
There is usually a much more distinct 
membrane in the trachea than in the 
larynx itself. Upon these surfaces the 
membrane is but loosely attached; so 
that it may be coughed up in complete 
casts of the bronchial tree, or after 
death may be readily lifted from the 
underlying tissues (see illustration). 

In a series of autopsies upon 87 cases 
of laryngeal diphtheria made by one of 
us (Northrup) the distribution of the 
membrane was given as follows: In 9 
cases the membrane extended from the 
tip of the nose to the finest bronchi ; in 
6 from the nose to the bifurcation of the 
trachea ; in 17 from the pharynx to the 
finest bronchi ; in 17 from the larynx to 
the finest bronchi ; in 17 from the phar- 
ynx to the main bronchi; in 17 in the 
larynx and trachea ; in 3 in the pharynx 
and larynx, and in 1 in the larynx only. 
This work was done in the preantitoxin 
days, and it must be said that in the 
autopsies made since the introduction of 


antitoxin such extensive distribution of 
membrane is but rarely met with. 

Pseudomembrane may be found in 
the stomach or intestines, but is rarely, 
if ever, produced in these situations by 
the action of the diphtheria bacillus; 
streptococci are usually found. Occur- 
ring upon the conjunctiva, the lips, 
buccal mucous membrane, or the tongue, 
the diphtheritic membrane does not 
present any unusual features. 

Diphtheria toxin was found by 
Roscnau and Anderson to produce, in 
about 66 per cent, of guinea-pigs, round 
peptic ulcers in the stomach, but that 
the intestines are not so affected. M. 
V. Tyrodc (Boston Med. and Surg. 
Jour., Nov. 19, 1908). 

Upon abraded skin surfaces or upon 
wounds — especially the tracheotomy 
wound in laryngeal cases — the mem- 
brane may be pronounced, and is usu- 
ally reproduced with remarkable rapid- 
ity after removal. 

Apart from the lesions produced by 
the diphtheria bacilli at or by extension 
from the site of inoculation, they appear 
to produce no other direct effects, al- 
though they may be found present in 
the viscera. Their toxins, on the other 
hand, produce definite and character- 
istic visceral lesions. The experimental 
work of Welch and Flexner, Abbott, 
and others has served to make known 
these remote effects of the toxins. In 
the great majority of cases of human 
diphtheria, other bacteria, especially 
streptococci, are present and active be- 
sides the specific bacilli ; they are mixed 
infections, and the problem of determin- 
ing the action of any one organism is 
greatly complicated. In forty-two au- 
topsies in cases of diphtheria in which 
the Loffler bacillus had been demon- 
strated during life, Reiche is reported 
to have found streptococci and staphy- 
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locoed in the kidney or spleen, and strep- 
tococci alone in 45.2 per cent. Strepto- 
cocci were found in the kidney in one 
case which died on the second day, and 
positive results were also obtained on 
the third and fourth days. The results 
obtained by experimental inoculation of 
the toxins in susceptible animals are, 
therefore, much simpler and more easily 
interpreted than examinations of the 
viscera of fatal cases of human diph- 
theria. The lesions produced by the 
toxins are found in the lymph-nodes, 
liver, kidneys, spleen, heart muscle, the 
peripheral nerves, and lungs. 

Welch and Flexner have shown that 
these visceral lesions are produced either 
by injections of pure cultures of the 
diphtheria bacillus or by inoculation of 
their toxins. 

The lymph-nodes — cervical, bronchial, 
mesenteric, axillary, and inguinal — are 
found to be swelled. There are hemor- 
rhages either beneath the capsule or into 
the substance of the glands. The cells 
show more or less advanced degenera- 
tive changes both in their nuclei and in 
the cell-protoplasm. The nuclei are 
fragmented; the cell-bodies are con- 
verted into a finely granular, reticulated 
material, apparently fibrinous. Similar 
changes are observed throughout the 
lymph-structures of the body, Peyer's 
patches, solitary and agminate follicles 
of the intestines, etc. The changes in 
the lymph-nodes rarely lead to suppu- 
ration. 

The spleenns swelled and usually soft- 
ened. There may be hemorrhages be- 
neath the capsule or into the substance 
of the organ. The follicles are enlarged, 
and the cells show degenerative changes 
.. similar to those seen in the lymph-nodes. 
The liver shows hemorrhages either 
upon its surface or within its substance. 
There may be an advanced fatty degen- 


eration of the liver. There are also 
found minute areas in which there has 
been produced a necrosis of the liver- 
cells, the nuclei being fragmented or 
having completely disappeared, while 
the bodies of the cells show advanced 
degenerative changes. Some of these 
areas are infiltrated by leucocytes. Sim- 
ilar focal necroses in the liver have been 
observed by other poisons than the 
toxins of diphtheria. 

The changes in the kidney include a 
degeneration of the epithelium of the 
tubes and glomeruli and hyaline altera- 
tion of the glomerular capillaries and 
smaller arteries. The severe affections 
of the kidney, acute exudative or dif- 
fuse nephritis, met with as complications 
of the later stages of the disease, are 
attributable rather to the accompanying 
streptococcus infection than to the diph- 
theria itself. 

The heart shows a fatty degeneration 
of its muscles, sometimes so advanced as 
to produce changes in every fiber. The 
nuclei of the muscles may also be frag- 
mented. 

One of the most striking and con- 
stant histological changes in the organs 
of patients dying of acute diphtheritic 
toxemia is an extensive fatty degenera- 
tion of the muscle of the heart and the 
diaphragm. These changes were found 
both in human cases and in animals 
killed by doses of diphtheria toxin. 
These changes are rarely detected 
macroscopically, but microscopically are 
visible as fine medium-sized or coarse 
droplets, filling the cells. Dudgeon 
(Brain, part cxiv, p. 227, 1906). 

The two chief cardiac lesions in diph- 
theria are the parenchymatous and the 
interstitial. Fatty degeneration is ex- 
tremely frequent, varying widely in 
degree and always accompanying the 
severer lesions. It may occur at any 
time in the disease. A much severer 
degeneration, both focal and general, 
which affects all parts of the muscle- 
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fiber, the contractile elements, the pro- 
toplasm an(f the nucleus, and which 
leads to the formation of granular 
detritus and large irregular hyaline 
masses, also occurs. This is only found 
late in the course of the disease, rarely 
earlier than the seventh day. The in- 
terstitial changes are of two types. In 
one there arc focal collections of 
lymphoid and plasma cells. In the 
other there is invasion of the degen- 
erated and necrotic muscle cells with 
endothelial cells and polymorphonu- 
clear leucocytes. These are all essen- 
tially late changes. Only fatty degen- 
eration is seen before the sixth or 
seventh day. The early circulatory 
disturbance is extraordinarily severe, 
but, thanks to antitoxin, is rarely seen 
at present. Romberg\s and Passler^s 
experiments show that this is due to 
failure of the vasomotor center, 
though undoubtedly the heart itself 
is affected. The late circulatory 
disturbances may appear at any 
time from the second to the fifth 
week. The first symptoms are usually 
to be found in the pulse, which drops 
with the temperature, often to below 
normal, remaining there or rising and 
falling again. In a certain percentage 
of cases it may be persistently high, but 
either of these means almost certainly 
myocarditis. At other times the first 
symptom is irregularity in the force or 
rhythm and the former is constantly 
present and may last for months. The 
worst prognosis is given in cases with 
lower and constantly falling rate. Heart 
examination reveals the .same abnor- 
malities together with murmurs and 
evidences of dilatation, and here the 
personal equation of the examining 
physician has played a considerable part 
in their interpretation. Accurate de- 
ductions cannot be drawn at present as 
to the severity of the lesions from the 
murmurs, and it is the author’s per- 
sonal opinion that dilatation has been 
diagnosed too frequently, though it 
would be wrong to say that it is un- 
usual. 

A sign of mild cardial disease 
of greater value on account of its 
constancy is the alteration in character 
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of the first sound of the heart, consist- 
ing in the more or less complete disap- 
pearance of the muscular element of the 
first sound, making it weak and short, 
and what is usually called ‘"valvular” in 
quality. Studies in regard to blood- 
pressure are incomplete and unsatis- 
factory. It is generally somewhat 
subnormal and when below 75 mm. 
always means a serious condition and 
below 70 mm. great danger. A pro- 
gressive fall should excite more con- 
cern. General symptoms, such as pallor, 
apathy or irritability and vomiting, are 
often much in evidence. Loss of weight 
is common even in convalescence. The 
cause of death has not been determined 
by experiment, but the clinical evidence 
is conclusive that it is due to myocardi- 
tis. J. Howland (Jour. Amer. Med. 
Assoc., Dec. 19, 1908). 

Case of diphtheria, with full heart 
block. The a-v bundle and node were 
found by the authors to be involved in 
an acute inllammatory process, and 
similar lesions v/ere present in the a-v 
bundle in a case of malignant endo- 
carditis in which conductivity was de- 
fective. In 3 cases of acute endocardi- 
tis, with nodal rhythm, the a-v node 
was acutely inflamed, the bundle being 
only and but slightly affected in 
one instance. Cowan, Fleming, and 
Kemaedy (Lancet, Feb. 3, 1912). 

The arrhythmias of diphtheria are 
not only of great variety, but vary 
from moment to moment, and it is 
possible to trace in them the whole 
gamut of progressing and retrogress- 
ing disturbances in conduction of the 
impulse. Only polygraphic methods, 
with radioscopy, suffice. Writer des- 
scribes the case of a boy of 14 with diph- 
theria for 8 days before antitoxin was 
given. Traces showed heart block 
and extrasystoles. Patient succumbed 
the twenty-fifth day to weakness of 
the myocardium. The lesions in the 
latter were both interstitial and par- 
enchymatous, but they were less pro- 
nounced in the bundle of His than 
elsewhere. Aviragnet, Lutembacher 
and Lc Soudier (Arch, des mal. du 
ccetir, etc., June, 1918). , 



274 


DIPHTHERIA (NORTHRUP AND SCHLOSS). 


The blood shows a leucocytosis 
which is greatest during the height of 
the disease and decreasing during con- 
valescence. The polymorphonuclear 
cells are chiefly affected by this in- 
crease. Myelocytes may be found in 
the peripheral blood, this being espe- 
cially true in the severe cases, and 
they may range from 3 to 16 per cent, 
of the total white cells. There seems 
to be some relation between the 
severity of the infection and the de- 
gree of leucocytosis, but the leuco- 
cyte count is of little value from a 
standpoint of prognosis. 

Condition of leucocytes in diphtheria, 
before and after administration of 
antitoxin in 13 cases of clinically un- 
doubted diphtheria. The writer found 
that diphtheria is attended by a vary- 
ing degree of hypcrlcucocytosis, usu- 
ally moderate. Occasionally hyper- 
leucocytosis may be absent in ex- 
tremely toxic or extremely mild 
cases. The differential counts in 
the leucocytoses of diphtheria show 
proportions of polymorphonuclear and 
mononuclear cells consistent with the 
grade of leucocytosis. In these leuco- 
' cytoses the eosinophiles are present in 
unusually small numbers, and the 
myelocytes, basophiles in moderately 
small numbers. Neither the degree of 
leucocytosis nor the proportions of any 
of its constituent types of cells indicate, 
except within very broad lines, the 
severity of the infection or the outcome 
of the disease. The administration of 
antitoxin has no appreciable effect on 
the degree of the leucocytosis, the pro- 
portions of its constituent types of cells, 
or the staining reactions of these cells 
in dry preparations, stained either by 
Wright^s method, Ehrlich^s triacid mix- 
ture, or hematoxylin and eosin. Karsner 
(Univ. of Penna. Med. Bull., Sept, 
1908). 

The changes produced in the brain- 
cells of animals inoculated with diph- 
theria toxins have recently been made 
the subject of study (Carlo Ceni ; Berk- 


ley). Swelling of the processes of cer- 
tain cells of the brain with some minor 
changes in the conformation of the cells, 
but without evidence of degeneration of 
the cells or their processes, was observed. 
The cerebral were more affected than 
the cerebellar cells. 

Various lesions have been found in 
the spinal cord in cases of diphtheritic 
paralysis, but none of the changes ob- 
served in the cord have thus far been 
accepted as the explanation of the 
paralysis. 

Katz has recently reported finding, 
after careful examination of the cords 
of 3 fatal cases, distinct changes in 
the motor ganglion cells of the anterior 
horns of the cord. The changes were 
cither a fatty degeneration affecting the 
cells or complete death of the cells with 
all processes, and especially the axis- 
cylinder. All ganglion cells of the cord 
were similarly affected, but not so 
markedly as the motor cells of the 
anterior horns. 

The changes in the peripheral nerves, 
on the other hand, are looked upon by 
some as the most characteristic patho- 
logical lesion of diphtheria. The affected 
nerves are sometimes red and swelled, 
from congestion and edema, but the 
degeneration of the nerve-fibers is the 
characteristic feature of the process. 
Single nerve-fibers or a whole nerve- 
trunk may be affected. The changes 
may be either interstitial or parenchy- 
matous. In the parenchymatous form 
there is usually a more or less marked 
infiltration of leucocytes within the 
nerve-sheath, between the sheath and 
the nerve-fibers, or between the fibers 
themselves. The medullary sheath of 
the nerve-fiber is swelled, undergoes a 
fatty degeneration, and may altogether 
disappear. The axis-cylinder undergoes 
a similar degeneration ; it may be 
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changed to a granular mass and be com- 
pletely absorbed. The empty sheaths of 
' Schwann may be the only evidence left 
of the former nerve-fiber. Sooner or 
later the degeneration stops; regenera- 
tion begins and usually results in com- 
plete restoration of the nerve-fibers. In 
’ the interstitial form the increase of the 
connective tissue of the endoneurium 
and perineurium is the marked feature 
of the process. In some cases the 
changes are both parenchymatous and 
interstitial. 

The pulmonary changes produced by 
the experimental action of diphtheria 
bacilli or their toxins are slight and of 
no importance, but the pulmonary com- 
plications of clinical diphtheria are fre- 
quent, severe, and of great moment. 
Wright, More, Kanthack, Stephens, 
and others have demonstrated the pres- 
ence of diphtheria bacilli in the lungs 
in fatal cases of diphtheria, but the pres- 
ence of the bacilli apparently has but 
little to do with the production of 
pulmonary complications. In 1889, in 
an investigation of a series of 17 
cases of pneumonia complicating diph- 
theria, Prudden and Northrup found 
streptococci both in the pseudomem- 
branes in the throat and in the lungs. It 
was further shown that the inoculation 
of streptococci in susceptible animals 
served to produce changes in the lungs 
similar to those seen in clinical diph- 
theria. These observations have been 
fully corroborated, and the streptococci 
are accepted as the active agents in the 
production of the pneumonia which so 
frequently complicates diphtheria. Bron- 
chopneumonia is met with in the great 
majority of fatal cases, especially in 
hospital practice. In the most acute 
cases we find the posterior parts of one 
or both lungs deeply congested, firm to 
the touch, and on section showing scat- 


tered areas of peribronchial consolida- 
tion, deep red in color. The lower lobes 
are usually more affected than the upper. 
In the slower cases we find the areas of 
pneumonia scattered throughout both 
lungs, but affecting the lower and pos- 
terior portions especially, the consolida- 
tion often involving a large part of both 
lungs and on section appearing mottled, • 
reddish brown, and yellowish white. 
Pleurisy ‘and empyema are rarely met 
with. In laryngeal cases with marked 
stenosis there is usually emphysema, 
both vesicular and interstitial. The in- 
terstitial empliysema may involve the 
cellular tissues of the neck and even 
extend over the trunk. 

PROGNOSIS. — In no other acute 
infectious disease is the prognosis so 
uncertain as in diphtheria. Many fac- 
tors must be considered in determin- 
ing the prognosis in any given case : — 

1. Age of tlie patient. Happily, chil- 
dren under 6 months of age are rarely 
attacked; but between that age and 2 
years many cases are seen, and the mor- 
tality is often frightful. With increase 
in age the mortality falls steadily, but 
even in adult life diphtheria may readily 
prove fatal. 

The following tables, taken from the 
article of Biggs and Guerard in 'The 
Use of Antitoxic Serum,'' show the 
favorable influence of age very 
clearly : — 

Herz: Mortality Percentage. 


0- 1 year 80.00 

1- 3 years 45.00 

3-5 years 40.00 

5-10 years 17.00 

Over 10 years 17.00 


Baginsky: Mortality Percentage. 


0-2 years 63.3 

2-4 years 52.8 

4-6 years 37.9 

6-10 years 24.6 


10-15 years 


14.6 


T 



276 


DIPHTHERIA (NORTHRUP AND SCHLOSS). 


Hirsch: Mortality Percentage. 


0- 1 year 

1- 3 years ^2.5 

3- 4 years 63.9 

4- 5 years 40.9 

6-7 years 43.2 

Over 7 years 22.2 


The ratios arc all derived from cases 
treated ])rcvious to the introduction of 
♦antitoxin or without its use. The anal- 
ysis of a large number of cases treated 
by antitoxin, wliile the mortality ratios 
are diminished, shows that the age influ- 
ence remains practically the same. 


Age. 

Cases. 

Deaths. 

Mortality 

pen'ent- 

age. 

0-2 years 

... 14Q4 

469 

31.4 

2-5 years 

... 3678 

762 

20.7 

5-10 years 

... 3184 

473 

14.8 

Over 10 years . . 

... 1444 

99 

0.9 


Of 265 patients with phlegmonous diph- 
theria admitted to the Children’s Hos- 
pital at St. Petersburg from 1895 to 
1908, 67 (lied during the first day. The 
mortality decreased with the age, from 
100 to 16.6 per cent. Early vomiting is 
an unfavorable sign, generally being 
followed by paralysis of the heart. 
Nephritis was observed in nearly all 
the cases from the first, but it proved 
mild. Under antitoxin the throat 
cleared by the beginning of the second 
week, but the heart symptoms generally 
developed at this time. Blunicnau 
(Archiv f. Kinderheilkunde, Bd. Iv, 
Nu. 5-6, 1911). 

2. The site of the disease. Involve- 
ment of the larynx either primarily or 
secondarily adds greatly to the danger 
of the case. The large death rate under 
2 years is due, in great part, to the 
strong tendency of the di.scase to invade 
the larynx during that period. 

The use of antitoxin has materially 
changed all the figures relating to the 
fatality of the various forms of diph- 
theria, but the laryngeal process remains 
the most deadly. 

3. The time of beginning treatment 
In the use of antitoxin it has been dem- 


onstrated beyond the shadow of a doubt 
that, the earlier the remedy is employed, 
the surer is recovery, while after the 
fifth day the remedy exerts little or no 
influence. 

It has always been quite evident that . 
delay in undertaking treatment led to 
unfavorable results, but the vital neces- 
sity of promptness has been impressed 
upon us by the overpowering evidence 
afforded by the results obtained when 
antitoxin is resorted to early in the case. 

The high mortality from this disease 
in the United States is due to the fol- 
lowing factors: 1. Late diagnosis, late 
or inefiicient prophylactic measures, 
lack of faith in antitoxin, and insuffi- 
cient dosage in serious cases. 2. Cases 
diagnosticated early demand from 31X)0 
to 5000 units immediately, to be followed 
by a further administration of 5000 
units or more in fnmi four to six hours 
if there is no improvement. Cases diag- 
nosticated late should receive from 
10,0(X) to 30, (XX) units immediately, re- 
p(*ated at intervals of four to six 
hours until there is a complete sub- 
sidence of symptoms. Hill (Med. 
Rec., x\pril 1, 1911). 

There has been much variability 
and uncertainty as to dosage and the 
aim appears to be to give exceedingly 
large doses. In truth there are sel- 
dom present at one time more fhan 
KXJ units of toxin even in the most 
severe cases, and l(XX) units of anti- 
toxin given intravenously has an 
equal effect to 20, (XX) units given 
under the skin. The Schick reaction 
aids in the appreciation of the effects 
of antitoxin. A single dose of anti- 
toxin should be sufficient. W. H. 
Park (Boston Med. and Surg. Jour., 
Aug. 26, 1915). 

In an epidemic of diphtheria in 
Basle all the recovered children re- 
ceived their antitoxin either early 
(pharyngeal cases 2.5 days) or late 
(nasal cases 20 days). The dead chil- 
dren did not receive seiiim until an 
average of more than 6 days had ex- 
pired; while in children who recov- 
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ered from laryngeal diphtheria the 
interval was but 2.3 days. It is very 
rare for death to occur in diphtheria 
when the membrane has been ex- 
pelled in the first 2 or 3 days, and this 
result is seen when antitoxin is given 
early. Serum sickness in the form 
of a rash was seen 12 times, while 
anaphylactic phenomena were absent. 
Massini ( Correspondenzbl. f. Schweizer 
Aerzte, Mar. 2, 1918). 

4. The degree of toxemia. This fea- 
ture is usually developed in propor- 
tion to the lapse of time from, and the 
severity of, the onset of the disease. 
It may ])e slowly or rapidly developed, 
and in many cases apparently mild in 
the beginning we may later see the 
severest types of toxemia. 

5. The extent of the membrane and 
the rapidity of the extension. 

6. The presence of complications, 
especially from bronchopneumonia or 
nephritis. The pneumonia of diph- 
theria is by far the most important of 
the complications. The late onset of 
the cardiac complications of diphtheria 
is to he remembered. No case of severe 
diphtheria can be considered altogether 
out of danger for some weeks after 
apparent recovery. 

7. The surroundings of the patient. 
The mortality of diphtheria is con- 
siderably greater in hospitals or asy- 
lums for children than in private or 
dispensary practice. The crowding of 
the children together seems to exert 
a very unfavorable influence by ex- 
posing them to danger from com- 
plications, and most especially to 
pneumonia. 

The frequency and gravity of diph- 
theria has increased during the last 2 
years in Rome. Substandard children, 
especially those with congenital syph- 
ilis and tuberculosis, are especially 
liable to it. The early use of antitoxin 
in large doses and intubation have kept 
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the mortality at 16 per cent. Ritossa 
(Pediatria Arch., 1, p. 330, 1925). 

8. The mortality of diphtheria may 
vary greatly from year to year in the 
same place or in difiPerent epidemics, 
the causes of the variation not being 
apparent. 

Such variations in the type of the 
disease may properly be taken into 
account in the prognosis of individual 
cases. 

There are certain cases of diph- 
theria in which a fatal ending can 
with certainty be predicted. The 
symptoms presented by these patients 
. are as follows: 1. A grayish color of 
the face, which in addition presents 
an anxious expression. 2. Vomiting. 
This seems independent of food and is 
not accompanied by nausea. It pre- 
sents a similarity to cerebral vomit- 
ing. The vomited matter is yellow 
or green. 3. Abdominal pain, ddiis is 
sometimes very severe. It is, how- 
ever, nearly always present in these 
cases. It is referred to the umbilicus. 
No abdominal tenderness can be 
elicited. 4. Albuminuria. This is 
generally present and often to a large 
amount (from one-sixth to a quarter). 
Idicrc are no tube casts. 5. Suppres- 
sion of urine is the rule in these cases. 
6. Alteration in the rhythm of the 
heart sounds. This appears after the 
vomiting has set in. One of the 
sounds of the heart is reduplicated, 
thus giving an imitation of the sounds . 
to be heard when a horse gallops. 
The patients are generally very rest- 
less and consciousness is maintained 
until the end. The membrane on the 
throats in these cases is dark colored 
and the smell of the breath is most 
offensive. In 6 cases antitoxin had no 
effect, though 6000 units were gen- 
erally given. Harris (Lancet, Sept. 28, 
1907). 

Systematic investigation of the plan- 
tar reflex in cases of diphtheria. The oc- 
currence of Babinskfs sign in diphtheria 
was first recorded by Kiroff in 1905, and 
since that time the writer has drawn at- 



278 


DIPHTHERIA (NORTHRUP AND SCHLOSS). 


tention to its frequency in association 
with precocious paralysis of the palate 
and with hemorrhagic diphtheria. He 
now records his observations on 877 
cases of the disease in which he has 
examined the state of the plantar reflex. 
An extensor response of the great toe, 
with varying movements of the other 
toes, was found in 172 cases — that is, in 
19.6 per cent.; in 29 flexion alternated 
with extension, and in 676 the normal 
flexor response was obtained. It occurs 
in the acute stage and is replaced by 
flexion during convalescence. It is more 
frequently observed in the severe forms 
of diphtheria than in the mild ones?, 
and its occurrence may have a certain 
prognostic value, although it is not of 
such grave omen as precocious paralysis 
of the palate. J. D. Rolleston (Review 
of Neurol, and Psych., July, 1910). 

, PROPHYLAXIS.— In typical diph- 
theria we have to deal with an acute in- 
fectioUvS disease in which we now know 
the nature of the contagion and its ways 
of spreading. The bacilli present in the 
nose or throat of the patients are the 
active agents, and anything which may, 
either directly or indirectly, be contami- 
nated by the discharge from the affected 
surfaces may be the means of communi- 
cating the disease to others. The first 
step in prevention is, therefore, the 
isolation of the diphtheria patient. 
Suspected cases should be isolated as 
thoroughly and promptly as those in 
which the diagnosis is settled. It is 
to be remembered that during epi- 
demics or in any case of exposure 
many of the mild cases of ‘‘sore 
throat” are, in reality, diphtheria, 
and should be treated as such in this 
respect. 

Moreover, as has previously been 
noted, diphtheria bacilli may be found 
in the throats of those who, although 
perfectly healthy, have been exposed to 
infection, these constituting the car- 
riers. This is especially true of chil- 


dren, and in families where diphtheria 
is present the well children should be 
kept from attendance at schools or like 
gatherings, where they may possibly 
convey the disease to others more sus- 
ceptible than themselves. In the course 
of epidemics it is often necessary to 
close all schools before the ravages of 
the disease can be controlled. A number 
of measures have been proposed to 
rid the carriers of these contaminat- 
ing germs, but so far none has proven 
absolutely dependable. 

Active Immunization by Injections 
of Mixed Toxin and Antitoxin. — Von 
Behring has worked out a method by 
which a prolonged, active immunity 
to diphtheria may be produced. It 
consists in injecting a combination 
of diphtheria toxin and antitoxin so 
proportioned that upon administra- 
tion to guinea-pigs the antitoxin al- 
most or quite offsets the poisonous 
action of the toxin. In human beings 
such a mixture, though bringing 
about prolonged immunity, causes 
only a slight reaction, provided the 
system has not already become over- 
sensitive to diphtheria bacilli. 

An important additional result is 
that in patients sensitive to horse 
serum a passive immunity can be pro- 
duced by injecting antitoxic serum 
obtained from human beings; fur- 
thermore, this immunity will not rap- 
idly disappear, as would be the case 
were horse serum used, but will per- 
sist as long as the active immunity 
obtained with the toxin-antitoxin 
mixture, owing to the fact that the 
material introduced is derived from 
an individual of the same species. 

Children from 4 to IS years old are 
almost always more sensitive than 
the newborn to the toxin-antitoxin 
mixture. Thus, with a dose which 
in a newborn infant^ would cause 
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practically no reaction, it was found 
that in an older child the same 
amount (Viq c.c.) caused an intense 
febrile reaction, with the active pro- 
duction of antitoxin by the body to 
the extent of 600,000 units. Since 
this is far in excess of the intensity 
of immunity required for practical 
purposes, there is ample opportunity 
for producing a sufficient degree of 
protection without inducing a marked 
reaction. In the child referred to it 
was calculated, from several obser- 
vations of the antitoxic power of the 
blood, that it would take over two 
years before this power would dimin- 
ish to a level which is attained with 
the ordinary passive immunization 
by diphtheria antitoxin in ten days. 

The toxin-antitoxin mixture used 
must be free of aerobic and anaerobic 
germs, and must be non -toxic in 
guinea-pigs in the dose of 0.0005 Gm. 
for every 100 Gm. of body weight. 
Infants are to be given 0.0001 Gm. as 
the initial dose, and older children 
only 0.00005 Gm., injected under the 
skin in 0.001 Gm. of fluid. ^J'he classes 
of subjects to be inoculated are those 
exposed to diphtheria in hospitals, 
schools, and buildings occupied by 
several tenants; well persons, not 
exposed to diphtheria at the time, in 
orphan and insane asylums, prisons, 
etc., and diphtheria carriers — the latter 
being usually very sensitive to the 
remedy and developing a high degree 
of immunity. In beginning cases of 
diphtheria and in persons with a weak 
heart and irregular pulse the mixed in- 
oculations are not at present to be 
tried. Von Behring (Semaine med.. 
May 7, 1913). 

In 1915 Park wrote that the 30 years then 
passed had witnessed the growth and decay 
of the hope that by isolation and terminal 
disinfection the incidence of diphtheria 
might be reduced. The total mortality was 
just as high as ever (1915). Passive im- 
munity protected for a few weeks; 1000 
units of antitoxin conferred immunity for 
about 3 weeks. Its short duration led to 
efforts to increase it. Behring used a toxin- 
antitoxin mixture for this purpose. Such 
mixtures were useful in speeding and increas- 


ing the antitoxin yield of horses. Theobald 
Smith suggested and Behring applied it. 
By 1918 Park was able to announce that re- 
sults obtained in the preceding 3 years had 
made it possible to immunize the child pop- 
ulation against diphtheria. 

The dose of toxin-antitoxin mixture given 
is generally 1 c.c., injected 3 times at in- 
tervals of 1 or 2 weeks. In about 85 per 
cent, of susceptible individuals this pro- 
cedure causes the subject to yield a nega- 
tive Schick test and become immune.. This 
immunity develops only in 1 to 6 months 
after the injections, but in at least 90 per 
cent, of children it lasts more than 6 years. 

All infants below 12, and if possible 
below 18 months of age should be 
actively immunized with 3 doses, each 
1.0 c.c., given subcutaneously, of toxin- 
antitoxin. These injections should be 
given irrespective of the Schick test 
the infants may show at the time of 
immunization. The injections are^ 
given subcutaneously in the arm or 
below the angle of the scapula, and 
repeated every seven days. The 
toxin-antitoxin is well tolerated by 
young infants, and for that reason the 
dose advised is the same as that given 
to older children. The relatively 
larger dose of toxin-antitoxin will, of 
course, also give rise to a better im- 
munizing response. All children over 
18 months of age, as well as all 
youths and adults, should be tested 
with the Schick reaction first, and 
only those giving a positive reaction 
immunized with toxin-antitoxin. In 
infants below 18 months of age the 
Schick test is not a necessary part of 
the immunization, since all the in- 
fants should be actively immunized. 
The toxin-antitoxin mixture should 
be prepared in a reliable laboratory 
and carefully tested for potency in the 
guinea pig before it is sent out for 
use. The mixture used should be 
slightly toxic and should represent 
about 85 per cent, of a lethal plus to 
each unit of antitoxin. 

The active immunization against 
diphtheria should be carried out first 
of all by the private physicians in the 
different homes, whefe a majority of 
the infants can be reached. 
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In larger centers of population 
the milk stations, day nurseries, chil- 
dren’s dispensaries, infant and orphan 
asylums furnish large groups of chil- 
dren suitable for immunization. The 
children of pre-school age found in 
kindergartens and those of school age 
should he tested first with the Schick 
reaction, and those giving a positive 
test actively immunized. 

Adults, especially those frequently 
or constantly exposed to diphtheria, 
such as physicians, nurses, hospital 
orderlies and patients in contagious 
disease hospitals, should likewise be 
tested for the Schick reaction. 

All those giving a positive reaction 
should be actively immunized. Zing- 
her (Anier. Jour, of Dis. of Children, 
Aug., 1918). 

The Schick test makes it possible to 
ascertain when a person is immune. 
This particularly applies to infants and 
young children. In older people, how- 
ever, it may be found that some toxic 
substances in the broth injected cause 
a pseudoreaction, but with practice 
most of these can be determined. 
Zingher found from studies on chil- 
dren extending over years that in only 
3 per cent, of the children did a nega- 
tive Schick test change to a positive 
test. A negative Schick therefore 
means an immunity for years, and, the 
writer believes, for life. 

Occasionally there are gross dis- 
crepancies in the Schick test, due to 
imperfect toxin or methods. Infants 
obtain their immunity from their 
mothers, and from infancy on to 2 
years this immunity disappears, so 
that the greatest number of non- 
immuncs occur in infants between the 
second and third years, and from then 
on the percentage of non-immunes 
grows less as ages advance. The 
toxin-antitoxin mixture is used on the 
non-immunes. It has strong immuniz- 
ing properties, and has been given to 
infants one week old in full adult 
doses with no deleterious effects. 
After one injection 70 per cent, will 
be immune at the end of 1 month; 2 
injections will give about 90 per cent, 
of immunes, so that by reinjection 


most of the non-immune can be 
rendered immune. 

Babies stand the immunizing doses 
better than adults and older children, 
in whom more marked reactions oc- 
cur, with rise of temperature, prostra- 
tion, etc. It is therefore believed that 
the babies between 6 months and 2 
years should be the ones to be im- 
munized, and an immunization of the 
whole infant population could thus be 
obtained. The method is entirely 
harmless, gives permanent immunity, 
and would eliminate diphtheria. Park 
(Trans. Med. Soc. State of N. Y.; 
N. Y. Med. Jour., Jan. 29, 1921). 

The writer gave 100 Schick-positive 
children toxin-antitoxin mixture by the 
mouth, and found that after this pro- 
cedure (how long after is not slated), 
91 of these children were Schick-nega- 
tive. But it appears that this immunity 
is retained for a short period only. 
Pockels (Klin. Woch., July 23, 1925). 
Park (Jour, of the Med. Soc. of New 
Jersey, July, 1924) used a preparation very 
rich in toxin, i.c., 140 fatal doses for a 
guinea-pig and an equivalent amount of 
antitoxin to make it nearly non-toxic; but 
it caused sore arms and marked local re- 
actions. Two or three per cent, of the chil- 
dren and more adults showed a rise of tem- 
perature, and at times were unable to work 
a day or more. This led to a great reduc- 
tion of the activity of the toxin-antitoxin 
(%o), the resulting mixture being thereupon 
generally used in this country. 

Hooper, of Boston, tested a number of 
people who had received doses of toxin- 
antitoxin preparation, but found that a year 
later, some of them, especially when they 
received an injection intracutaneously of 
horse serum, gave a reaction of sensitiza- 
tion. Even a minute amount of horse serum 
in sensitive individuals would cause sensi- 
tization in about 20 per cent. That this fact 
is not of real practical importance is prob- 
able, for at the Willard Parker Hospital 
children were injected after intracutaneous 
tests without any regard to the reaction, and 
no marked ill effects have been found. They 
showed a reaction about the size of a 25- 
cent piece, which constituted a vulnerable 
feature of toxin-antitoxin. It was then sug- 
gested that if goats were used as a source 
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of toxin-antitoxin, there would be no sen- 
sitization of human beings to horse serum. 

A. Zingher (N. Y. State Jour, of Med., 
Feb. 1, 1924) has described a new toxin- 
antitoxin mixture containing only a M.o L-f* 
dose of toxin per cubic centimeter instead 
of the 3 to 5 L+ in the old-type mixtures. 
The toxic or underneutralized fraction of 
the toxin-antitoxin remains the same as be- 
fore. Local and constitutional reactions 
from the new mixture are less, and it can 
be given to older children and adults with- 
out fear of marked local disturbance. Three 
doses of 1 c.c. each arc given at intervals of 
7 to 10 days, preferably intramuscularly in 
the arm. 

Cattle may be used instead of horses 
in the production of diphtheria and 
tetanus antitoxins. In many children 
treated with such serums, the incidence 
of serum sickness was somewhat less 
than with antitoxin from horses. Kraus, 
Cuenca and Sordelli (Semana med., 
Mar. 24, 1921). 

Both the new toxin-antitoxin and 
anatoxin have given good immunizing 
results in the cases seen by the authors, 
with hut slight reactions. Anatoxin 
contains no horse scrum to cause sen- 
sitization, but substitution of goat anti- 
toxin for horse antitoxin will likewise 
obviate this difficulty, and this change is 
now being made. This would remove 
. the fear created by the recent experi- 
ence with frozen toxin-antitoxin in 
which the freezing sets free the toxin, 
with resulting severe local and consti- 
tutional reactions. Park and Zingher 
(Amer. Jour. Dis. of Childr., Oct., 
1924). 

Anatoxin.— G. Ramon (Paris med., Dec. 
6, 1924), of the Institut Pasteur, discovered 
and introduced in 1924 a new immunizing 
material to which he gave the above name, 
based on his observation that mixtures of 
fresh diphtheria antitoxin and toxin undergo 
flocculation when mixed in such relative 
quantities as neutralize each other, and that 
the power of a toxin to induce immunity is 
proportionate, not to its actual toxicity, but 
to its flocculating property. By certain pro- 
cedures, in particular by adding 3 or 4 parts 
of formaldehyde solution to lOCO parts of 
toxin and incubating at 40® C. for 1 month, 
the toxicity of the toxin can be made almost 


to disappear, while its flocculant and im- 
munizing properties remain unimpaired. 
Aside from its low toxicity, anatoxin is ad- 
vantageous in being stable; it is unaffected 
by a temperature of 70° C. or by being kept 
in the ice-box or at room temperature for 1 
year. Two injections of 0.5 and 1 c.c., 1 to 
2 weeks apart, induced immunity in 90 to 
95 per cent, of cases in 5 to 6 weeks, and 
in 100 per cent, in 2 months. It is believed 
the immunity will usually persist throughout 
life. Anatoxin also has possibilities as a 
therapeutic agent, in the treatment o-f car- 
riers, in the prevention of late complications, 
and in the rapid, intense and safe immuniza- 
tion of horses. 

The writers found that the immunity 
conferred with 2 injections of diph- 
theria anatoxin (0.5 c.c. and 1 c.c.), at 
3 weeks’ interval, still persisted a year 
later in 10 children, showing a negative 
Schick reaction. There was no oppor- 
tunity during this period for intercur- 
rent contaminations which might have * 
maintained the immunity. The persis- 
tence of the immunity is ascribed to the 
action of the anatoxin and in no way 
to an occult spontaneous immunization. 
Lereboullet and Joannon (Bull, de la 
Soc. med. des hop.. May 22, 1925). 

The writer injected anatoxin twice, 
with an interval of twenty days, in 108 
children. Almost 91 per cent, of them 
became Schick negative. All the 12 
children injected 3 times became nega- 
tive. Contrary to this, 15 of 43 tuber- 
culous children remained Schick posi- 
tive after 2 injections. Nasso (Pediatria, 
Dec. 15, 1925). 

A comparative study was conducted in 
various institutions, affording oppor- 
tunity for 1297 inoculations. About 
275 children, aged from 5 to 18, were 
vaccinated when no cases of diphtheria 
had occurred in the institution. Two 
injections (0.5 and 1 c.c.) were given 
at an interval of from 15 to 22 days. 
The Schick test in 231 of these chil- 
dren, 21 to 29 days after the second 
injection, elicited a negative reaction in 
96.1 per cent, and a positive in 3.89 per 
cent. In -another institution, after the 
occurrence of a case of diphtheria, 163 
children were vaccinated twice with a 
16 day interval (0.5 and 1 c.c.) and the 



284 


DIPHTHERIA (NORTHRUP AND SCHLOSS). 


dicatgs that the immunity thus acquired 
may last for months and years. The 
method may pcrliaps be advantageously 
combined with passive immunization by 
injection of antitoxin when rapid action 
is desired. The diphtheria toxin was 
diluted with twdcc the amount of salt 
solution in a later group of 11 children 
to avoid by-effects, and the tampon was 
left in the nose only half an hour every 
tliird day. Blumenau (Jour. Amer. 
Med. Assoc., from Jahrbuch f. Kinder- 
hcilkunde, Aug., 1911). 

Increasing the dose of antitoxin be- 
3 ’'ond a certain point docs not further 
lower the mortality, which, during a 
recent epidemic, was about 18 per cent. 
On the other hand, the results of im- 
munization of those who had been or 
w'ere to be exposed were brilliant. Of 
nearly 500 so immunized, but 5 de- 
veloped the disease, and that in a very 
mild form. Of the small number in 
which immunization w^as refused 14 de- 
veloped the disease, with 3 deaths. 
Eckert (Deut. med. Woch., Nov. 21, 
1912). 

At least three weeks of immunity are 
conferred to a certainty by means of 
antitoxin; in individual cases it may be 
prolonged, say up to three and four 
months. If new cases develop during 
this period they are extremely mild 
ones. Braum (Deut. med. Woch., 
Feb. 6, 1913). 

Diphtheria has long been endemic 
at Mendoza but it has recently been 
brought under control by systematic 
use of a vaccine to immunize all in 
the environment of every case of 
diphtheria. This seems to confer a 
more lasting immunity than with the 
use of antitoxin, while experience 
indicates that it is free from the draw- 
backs of the latter. Ponce (Semana 
medica, Buenos Aires, Feb. 28, 1918). 

Isolation of Carriers. — Recent years 
have been marked by the establishment 
in our large cities of a system of inspec- 
tion by trained physicians of all school- 
children who present the first symptoms 
of illness : a progressive step in preven- 
tive medicine that can undoubtedly do 


much to protect these communities from 
epidemics of diphtheria. Suspected 
cases of diphtheria are to be isolated, but 
should not 1)e put into diphtheria wards 
or hospitals until the diagnosis is as- 
sured. Our reliance must be upon the 
bacteriological diagnosis, for in case of 
exposure the mildness of the individual 
case is no surety that it is not danger- 
ous to others. 

These cases call for especial care, both 
in making and in examining the , cul- 
tures. With proper methods twenty- 
four hours usually suffice to settle the 
question of diagnosis. In case of doubt 
the isolation of the patient should be 
continued and the bacteriological ex- 
amination repeated. 

In all our large cities provision is now 
made for the treatment of diphtheria in 
special public hospitals. To these hos- 
pitals are sent all cases that cannot be 
properly cared for and isolated at home. 

Proper isolation of diphtheria cases 
developing in hospitals or asylums, espe- 
cially those for children, is of very great 
importance, since these institutions con- 
tain the most susceptible material for 
the action of diphtheria bacilli. They 
should be provided with diphtheria 
wards, located, if possible, in separate 
buildings. The isolation of such wards 
should be complete. In no other way 
can the inmates of such institutions be 
protected from repeated outbreaks of 
diphtheria. 

In private houses one or more rooms 
should be set apart for the use of a diph- 
theria patient. No one but the patient 
and the attendants should be allowed to 
enter the sick-room. All expectoration, 
bits of membrane, etc., should be re- 
ceived in cups containing a solution of 
carbolic acid, 1:40, or bichloride of 
mercury, 1 : 1000. Instead of hand- 
kerchiefs, bits of gauze or old linen 
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should be used, and burned when soiled. 
All bedding and clothing used during 
the attack should be soaked for several 
hours in a 1 : 40 solution of carbolic 
acid and afterward bailed. All eating 
utensils should be sterilized by boiling. 
Nothing that has been in the room 
should be taken from it without subject- 
ing it to sterilization in some way. 

The physician in charge of a case of 
diphtheria before entering the sick-room 
should cover his clothing by a cotton or 
rubber gown reaching to the feet and a 
cap to completely cover the hair. The 
cap and gown should be kept outside the 
sick-room and should be sterilized at the 
conclusion of the case. The physician 
should remember that, in examining the 
throat in cases of diphtheria, he stands 
in great danger of infection by having 
the patient cough in his face. Many a 
life has been sacrificed by careless ex- 
posure in this way. As a measure of 
protection, the physician is often advised 
to have a pane of ordinary window-glass 
held before the patient’s face during in- 
spection of the throat. 

Unfortunately, very few men will- 
ingly adopt a cumbersome device which 
at the same time interferes with the 
examination; but, in case the patient 
does cough during the examination, the 
physician should protect himself by thor- 
oughly washing the face and hair with 
soap and water, and then using a solu- 
tion of mercury bichloride, 1 : ICXX). 
The hands should always be washed and 
disinfected on leaying the patient’s room. 

Nurses caring for diphtheria patients 
should especially avoid contracting, the 
disease by exposing themselves to the 
discharges from the nose or throat of 
the patient. Practically there is no 
danger from the breath of the patient. 
The nurse should keep her hands thor- 
oughly clean at all times and should 


have a disinfecting solution of carbolic 
or mercury bichloride at hand so 
that she may use it constantly. A cleans- 
ing gargle of normal salt solution, 
Dobell’s solution, or Seiler’s solution 
should be used several times a day. It 
is advisable to administer an immunizing 
dose of antitoxin to all persons exposed 
to the disease, and 500 to 1000 units 
are sufficient for this purpose. 

If this is not done, antitoxin in pro- 
tective dose should be given at the first 
sign of a ‘'sore throat.” 

After leaving a diphtheria case the 
nurse should thoroughly disinfect both 
her clothing and her person. It is also 
customary to require the nurse to allow 
a period of at least five days to pass 
after leaving a case of diphtheria before 
assuming charge of any other patient. 

Length of Quarantine. — The bac- 
teriological researches of recent years 
have given us some very definite infor- 
mation hearing on this point. It has al- 
ready been noted that the bacilli may 
persist in the throat for weeks after an 
attack, and that such bacilli have been 
proved fully virulent. Park reports a 
series of careful observations upon the 
time of the disappearance of the bacilli 
from the throat in 1736 cases of diph- 
theria. Briefly, he found that the bacilli 
had disappeared within one week in 3 
per cent, of the cases, in one-third of 
the cases at the end of the second week, 
in two-thirds at the end of the third 
week, in four-fifths at the end of the 
fourth week, and in the remainder the 
bacilli persisted for varying periods up 
to 91 days. This last case was one of 
simple nasal discharge containing diph- 
theria bacilli, from which both nurse 
and mother contracted diphtheria. The 
mildness or severity of the case gives no 
basis for determining the time that the 
bacilli may remain in the throat. The 
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only accurate method of determining the 
period of quarantine is that of making 
cultures from the throats. Only when 
cultures fail to show the presence of the 
bacilli in the throat or nose can the case 
be regarded entirely devoid of danger 
to others. If cultures cannot be em- 
ployed, we may elect an arbitrary period 
of three weeks from the disappearance 
of membrane for the removal of quar- 
antine restrictions. After that time, if 
the bacilli have not actually disappeared 
from the throat, they are but few in 
number, and the danger of communica- 
tion is slight. 

Disinfection of the infected rooms 
upon the termination of the case should 
be thorough. The walls and ceilings 
are to be scrubbed with mercury bi- 
chloride, 1 : 1000, or rubbed down care- 
fully with bread : a simple method of 
removing the clinging dirt and bacteria 
by mechanical means. The wood- 
work, floor, and furniture are to be 
scrubbed with bichloride. The wood- 
work, walls, etc., are to be repainted 
or papered anew. Carpets, upholstery, 
etc., can be disinfected by steam. Cloth- 
ing, linen, etc., may be boiled. Anything 
which cannot be disinfected by some of 
these means should be burned. Books 
and toys that children have used during 
their illness should be thus destroyed. 
Even the most careful disinfection will, 
m some cases, prove ineffective. The 
following are the regulations for fumi- 
gation established by the New York 
Board of Health: — 

“All the crevices in rooms to be fumi- 
gated must be sealed or calked to pre- 
vent the^escape of the disinfectant, and 
one of the following disinfectants used 
in the quantities named : — 

“(fl) Sulphur, 4 pounds for every 
1000 cubic feet of air-space, eight hours' 
exposure. 


*'{b) Formalin, 6 ounces for every 
1000 cubic feet of air-space, four hours' 
exposure. 

“(c) Paraform, 1000 grains for 
every 1000 cubic feet of air-space, six 
hours’ exposure." 

Mixing commercial potassium per- 
manganate with 40 per cent, formal- 
dehyde solution constitutes a simple 
means of liberating formaldehyde gas, 
which calls for no special apparatus. 
For each 500 cu. ft. of space there are 
required ounces of permanganate 
and 1 pint of formaldehyde solution. 
The former is first placed in a tifn dish, 
and the solution then poured over it. 

Much may be done to prevent spread 
of diphtheria by properly caring for 
children who may be exposed to infec- 
tion. Catarrhal conditions of the nose 
and throat undoubtedly afford a favor- 
able soil for the location and growth of 
diphtheria bacilli. Enlarged tonsils and 
adenoid growths in the nasopharynx fall 
in the same category. All such condi- 
tions should be carefully treated. 

Healthy mucous membranes are 
always a safeguard against attacks of 
diphtheria. 

GENERAL MEASURES.— First 
of all, the sick-room should be well 
lighted and ventilated. Care in this re- 
spect is especially necessary in children’s 
hospitals. Crowding a number of cases 
of diphtheria together in one ward is 
undoubtedly harmful. It is much better 
to have a number of small wards, ac- 
commodating three or four patients, 
than one large one in which all are as- 
sembled together. Cases in which pneu- 
monia has developed should not be kept 
in the room with those still free from it. 
Attention should be given to feeding 
the patients, as the best means of en- 
abling them to bear the attack of the 
disease upon the vital powers. Usu- 
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ally, on account of the soreness of the 
throat, fluid foods can be best taken, 
but semisolids can be g“iven in some 
cases. Our chief reliance must be 
upon milk. It should be given at 
regular intervals, every two hours, 
and in such quantity as the patient 
will take. There is little danger of over- 
feeding. The difficulty is usually to get 
the children to take sufficient nourish- 
ment. In addition to the milk, we may 
give beef-juice, beef-tea, or thin gruels. 
In children that have been intubated 
semisolids can sometimes be taken better 
than fluid nourishment. Bread and milk 
answer the purpose in such cases. 

Nursing children should be fed with 
milk drawn by a breast-pump. In this 
way the children arc saved the exertion 
of suckling and the mothers are pro- 
tected from the danger of infection. 

In septic cases the children often re- 
fuse food altogether or vomit it imme- 
diately it is taken. They may then be 
fed by the stomach-tube. If the tube 
cannot be passed through the mouth, we 
can usually succeed in jmssing it through 
the nose. This method may also be 
employed in intubated cases where the 
attempt to swallow food is followed by 
violent coughing or choking. 

Rectal feeding with peptonized milk 
is a last resort, and seems to be of little 
value in children. 

Rest in bed is an essential feature of 
proper treatment. Whatever handling 
or interference is required should be so 
arranged as to tax the patient as little 
as possible. Zeal for thorough local 
treatment has often led to fatal excite- 
ment and exertion on the part of the 
patient. Especially in cases of cardiac 
weakness should absolute quiet be en- 
joined, and all treatment that tends to 
excite the child or cause it to struggle 
avoided. Opium or morphine may be 


used to insure quiet under these circum- 
stances. 

Steam inhalations have long been 
employed for the purpose of increas- 
ing the secretions of mucus from the 
mucous membranes, softening the 
diphtheritic deposits, and hastening 
their separation. The croup-kettle 
has almost become a household uten- 
sil. To increase the efficacy of the 
steam, carbolic acid, turpentine, euca- 
lyptol, and other aromatic antiseptics 
have been added to the boiling water. 
These measures are indicated in the 
cases of diphtheritic laryngitis before 
the antitoxin has had time to act and 
when the respiratory distress is not 
sufficiently great to warrant intuba- 
tion. Here the inhalation of steam gives 
temporary relief. The tent should be 
arranged to allow ample ventilation, as 
otherwise the process may be very ex- 
hausting and do more harm than good. 
The child should not remain under the 
tent longer than fifteen minutes, and the 
treatment should not be repeated oftener 
than every three hours. In many cases 
the inhalation of steam as it conies from 
the kettle, without the use of a tent, is 
sufficient. 

LOCAL TREATMENT.— In cer- 
tain cases the local treatment in diph- 
theria is of importance. 

The object sought in such treatment 
has changed considerably within recent 
years. We no longer seek to remove 
the membrane by local applications or 
by mechanical means, nor do we expect 
to destroy the bacilli in the throat. Ex- 
perience has taught us that we can get 
rid neither of membrane nor of bacteria 
by local treatment, and also that too en- 
ergetic efforts to accomplish these ends 
do harm instead of good. We have, 
therefore, abandoned the mechanical re- 
moval of the membrant, the application 
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of destructive powders or solutions to 
it, and the use of strong antiseptics to 
the affected parts. We endeavor simply 
to keep the nose, mouth, and throat clear 
of the secretions which may either ob- 
struct them or by their decomposition 
and absor])tion increase the toxemia. 

In the milder types of pharyngeal 
diphtheria no local treatment is neces- 
sary, the antitoxin being sufficient. In 
these cases, with the use of a suffi- 
cient amount of antitoxin, the general 
symptoms are very quickly relieved, 
the pain disappears, and the mem- 
brane is cast off. In the severer cases 
and in those with mixed infections, 
where there is great pain and when 
foul secretions accumulate in the 
mouth and pharynx, local treatment 
is of great value. The best method 
is to use the solution as an irrigation, 
and the best instrument for this pur- 
pose is an ordinary douche bag. The 
fluid should be non-irritating, and 
normal saline, Seiler’s fluid, or a sat- 
urated solution of boric acid can be 
used. The patient should be in a 
horizontal position, lying on his side, 
and, if a child, wrapped in a blanket 
to control the arms and legs. The 
flow should be interrupted every few 
seconds to give the patient an oppor- 
tunity to recover his breath. It is 
very important that the solution used be 
very hot, as the heat is of great value in 
relieving the pain. If the child strug- 
gles against the treatment to the point 
of exhaustion it should be abandoned, 
but, as a rule, even the smallest children 
become accustomed to the irrigations 
and rather welcome them for the relief 
they give. The irrigations can be given 
from every two to every six hours, ac- 
cording to the severity of the disease. 

In the majority of cases of nasal diph- 
theria local treatment is unnecessary. 


and, if not carefully given, nasal irriga- 
tions can do much harm. Certainly the 
incidence of otitis media is less without 
the use of nasal irrigations and douches. 
In certain of the severe cases where 
there is a profuse nasal discharge and 
great difflculty in breathing, douches are 
of service, but the fluid should be al- 
lowed to run into the nostrils under 
small pressure, always remembering the 
relatively large size and patency of the 
Eustachian tubes in infants and small 
children. In many instances it is suffi- 
cient to pour the fluid into the nostrils 
from a spoon. The solutions recom- 
mended for i)haryngeal irrigations are 
the best to use in the nose. 

Where there is much swelling of the 
cervical lymph-nodes, hot or cold ap- 
plications may be used. Heat is pref- 
erable in infants; in older children the 
ice-cap may be used. Flannel pads or 
spongiopilene wrung out of hot water, 
or poultices, may be used in the for- 
mer case. 

Local treatment in diphtheria the 
writer believes is quite as essential as 
the general treatment by antitoxin. 
Treatment may be by irrigation, nebiili- 
zation, or painting. Boric acid (1 per 
cent.), salicylic acid per cent.), 
sodium chloride (1 per cent.), etc., 
have been used by him, but the best 
results were obtained with occasional 
swabbing with oxygen solution (1 vol. 
perhydrol in 10 of water), followed by 
swabbing with a bivalent serum pre- 
pared for local use by Bandi. During 
the last twenty months the writer has 
carried out this type of local treatment 
in 691 cases of diphtheria; in some 
cases no serum was injected. The 
Bahdi serum is non-toxic, non-coagulat- 
ing, and non-caustic, and causes the 
diphtheria bacillus to disappear more 
quickly than any other application. 
Probably the reason for its success lies 
in its very strong opsonic power. 
Appiani (Gaz. degli osped., Sept, 13, 
1908). 
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The severe form of primary strepto- 
coccus diphtheria occurs oftcner than 
we have been led to believe. Complica- 
tions of suppuration of the cervical 
glands occur frequently, and complica- 
tions of acute exudative nephritis occur 
in all severe cases and in some become 
chronic. In the treatment,* he has found 
very little of any avail, except thorough 
toilet of the mouth and nose, with 
stimulation to tide the patient over the 
time until the toxemia subsides. Diph- 
theritic serum has been given even in 
large doses, up to 20,0(X) units without 
any effect. Antistreptococcus serum has 
also been given without effect. The 
only thing he has found of value is the 
spraying of the throat with hydrogen 
peroxide, ice-bag to the neck, and 
douching of the mouth and nose with 
salt solution. When the urine becomes 
scanty or suppressed, hot rectal irri- 
gations or hot-water bags to the 
region of the kidneys are useful. 
Orgcl (Med. Rcc., Aug. 13, 1910). 

Case in which, after antitoxin, throat 
cultures showed abundant diphtheria 
bacilli three weeks after start of dis- 
ease. Repeated applications to the 
throat of a dilute culture of Staphylo- 
coccus pyogenes aureus, made by inoc- 
ulating 8 c.c. of bouillon with a loopful 
of a fresh agar growth of the coccus, 
led to disappearance of diphtheria 
organisms from throat, thus preventing 
the child from being a “diphtheria 
carrier.” General condition markedly 
improved. No untoward effects were 
observed. H. Page (N. Y. Med. Jour., 
Dec. 23, 1911). 

GENERAL TREATMENT.— 

With the advent of antitoxin most of 
the remedies for diphtheria have passed 
from use. A few still occupy a position 
which warrants some attention. In the 
treatment of pharyngeal or tonsillar 
diphtheria the tincture of the chloride 
of iron has long been regarded as of 
great value. Jacobi commends its 
use, advising a daily allowance of 1 
dram (4 Gm.) for a child 1 year old, 
2 or 3 drams (8 to 12 Gm.) for chil- 


dren from 3 to 5 years old. It is to be 
given diluted with water and glycerin. 
He admits that it cannot be tolerated by 
some patients, and that alcohol is to 
be preferred in septic cases. Under 
present conditions its use must, 
therefore, be very limited. 

In the treatment of laryngeal diph- 
theria the best results previous to the 
use of antitoxin were attained by the 
administratif)!! of mercury. The drug 
was given internally in the form of the 
bichloride, or the patient was treated by 
calomel fumigations. The bichloride 
was given in hourly doses to the amount 
of % to grain (0.01 to 0.03 (^im.) in 
twenty-four hours, each dose being 
preceded and followed by copious 
draughts of water. This treatment 
was continued for from four to eight 
days, and good results were claimed 
for it. 

Calomel fumigation was a more 
elaborate process. A tent or canopy 
was rigged over the patient’s cril). 
Beneath this tent 15 grains (1 Gm.) 
of calomel were volatilized every two 
hours for two days and nights, then 
every three hours for the third day, 
every four hours for the fourth day, 
and thereafter three times a day, ac- 
cording to indications. The pa- 
tients sometimes suffered from stoma- 
titis and diarrhea and developed pro- 
nounced anemia; not infrequently the 
attendants were salivated ; but this form 
of treatment gave better results in intu- 
bated cases than any other employed 
before the introduction of antitoxin. 

Among other remedies that have been 
recommended, pilocarpine, guaiacol, 
citric acid, sodium hyposulphite, and 
myrrh have received the greatest at- 
tention ; but the fact must be borne in 
mind that, in the majority of cases 
treated, the diagnosis has not been 
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established by bacteriological exami- 
nation. 

Stimulants. — These are required in 
every case of diphtheria showing any 
marked degree of constitutional depres- 
sion, most of all in septic cases. The 
pulse and the general condition of the 
patient are the guides in their adminis- 
tration. 

The writers have employed formic 
acid in 412 patients during 1906 at the 
Edinburgh City Hospital, with the re- 
sult of diminishing the death rate by 
1.8 per cent, over that of the previous 
year. Previously strychnine had been 
given as a heart tonic, but during 1906 
formic acid in 25 per cent, aqueous 
solution, in doses of 5 to 20 minims 
(0.3 to 1.25 c.c.) every four hours, was 
substituted, the dosage being graduated 
rather by the severity of the infection 
than by the age of the patient. No 
change in the heart action was noted 
until after about forty-eight hours, and 
then the change was rather a negative 
one, that is to say, many of the severe 
infections did not show the expected 
cardiac weakness and irregularity; on 
the other hand, the pulse in many in- 
stances was much improved in character, 
as was the color of the skin and the 
general nutrition. Patients were ob- 
served who appeared doomed to die of 
heart-failure, but who rallied, this 
manifestation being attributable to the 
possible limiting effect of the formic 
acid upon the degeneration of the 
heart muscle or its beneficial action 
upon the undamaged muscular tissue. 
The most striking result of the treat- 
ment was the diminution of the num- 
ber of instances of paralysis, the per- 
centage being only 2.9, as against 9,09 
in the previous year, which was the 
lowest in several years. Ker and 
Groom (Edinburgh Med. Jour., vol. vi, 
p. 487, 1907). 

The treatment of heart complications 
is prophylactic, vis., antitoxin intraven- 
ously as soon after the onset of the 
diphtheria as possible. Anaphylactic 
shock is prevented by giving a 0.5 c.c. 
subcutaneous desensitizing dose 1 hour 


before the intravenous therapeutic dose. 
Heart care should continue for several 
weeks following diphtheria, with gradual 
return to physical activities. Removal of 
infective tonsils and teeth will hasten 
complete recovery. 

Adrenalin is probably the best drug 
for the cases with heart-block, as it 
may sustain the myocardium until a 
possible spontaneous resumption of 
normal rhythm occurs. Strychnine, by 
stimulating the suprarenals, may have 
a similar beneficial cardiac effect, 
although the suprarenals may not be 
able to respond. Caffeine often proves 
valuable in the later days of convales- 
cence in improving circulatory tone, 
as may also iron, quinine, and strych- 
nine. Digitalis is contraindicated. S. 
C. Smith (Jour. Amer. Med. Assoc., 
Sept. 3, 1921). 

The writers have reported 2 cases of 
arrhythmia, presumably auricular flut- 
ter, in which the use of digitalis was 
followed by prompt disappearance of 
the arrhythmia, the tracings becoming 
normal except for a few extrasystoles. 
Both these cases had enlargement of 
the liver due to heart weakness. Bie 
and Schwensen (Jour, of Inf. Dis., 
Mar., 1922). 

Arrest of the heart action in diph- 
theria is due to a paralysis of the car- 
diovascular system. The administra- 
tion of adrenalin gives excellent results 
because of its action in increasing the 
blood-pressure. Munk (Jahrb. f. Kin- 
derheilk., Apr., 1925). 

A child of 3 or 4 years can take 
at least 1 ounce of whisky or brandy in 
twenty-four hours. It should be given 
diluted with from 4 to 6 parts of 
water. In the severe cases the quantity 
of alcohol may be increased to several 
times the amount named above. It is 
best to give it apart from the food, as 
the patient may decline to take the stim- 
ulant, and may be led to refuse the food 
because of its admixture. Next to alco- 
hol, strychnine is of most value. The 
Vioo part of a grain (0.00065 Gm.) 
may be given every two or three 
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hours to an infant 1 year old; twice 
that amount to a 3-year-old. The 
drug may be pushed till the deep re- 
flexes show an exaggeration. Digi- 
talis and like cardiac stimulants may 
be called for by the condition of the 
heart, but most reliance is to be put 
in alcohol and strychnine. 

Sajous recommends adrenalin, 5 
minims of the 1 : 1000 solution in a 
syringeful of saline solution injected 
intramuscularly every 2 hours. 

The essentials of treatment for the 
heart condition accompanying diph- 
theria are: 1. Prompt and sufficient 
dosage of antitoxin. 2. Rest in bed 
not less than three weeks. 3. Atten- 
tion to the condition of the abdominal 
viscera. 4. A nutritious, easily diges- 
tible diet 5. Certain drugs, each ac- 
cording to the indications. For a 
slow heart, atropine; for a racing 
heart, camphor, and ice to the pre- 
cordium; for vascular failure, ergot. 
6. If the heart-failure is indicated to 
an overwhelming toxemia with leth- 
argy, hypodermoclysis. Porter (Arch- 
ives of Pediatrics, Aug., 1909). 

Brandy and strychnine, in suitable 
doses, the latter administered hypoder- 
mically, arc the best cardiac stimulants 
to administer, but they should be kept 
in reserve, and not exhibited too early 
in the disease. Digitalis is of more 
doubtful service, and must be em- 
ployed with caution. Sir J. F. H. 
Broadbent (Practitioner, Jan., 1909). 

The free use of adrenalin is bene- 
ficial in severe cases. One mg. (%.-', 
grain) in 1:1000 solution should be 
injected subcutaneously every hour 
or two, up to 10 or even 24 mg. (% 
grain) daily. Kirchheim (Miinch. 
med. Woch., Dec. 20, 1910). 

The heart affection seems to be 
merely one manifestation of an insidi- 
ous diphtheria intoxication. As the 
original diphtheria is subsiding after 
an apparently normal course, conval- 
escence is suddenly interrupted by 
vomiting and the patient refuses all 
food, while motor agitation, even de- 


lirium, alternates with apathy; there is 
striking pallor and the pulse is soft 
and faint, although the heart findings 
are comparatively negative. This 
syndrome may follow an apparently 
mild diarrhea, but usually the disease 
is of a rather severe type. The vomit- 
ing and the psychic and vascular dis- 
turbances all point to mischief in the 
central nervous system, the result of 
the action of the diphtheria toxin. 
Treatment must be prompt and ener- 
getic, and for this the writer com- 
mends lumbar injection of antitoxin 
and reports some favorable experi- 
ences with it, although unable to save 
all his patients. Bingel (l>eut. Archiv 
f. klin. Med., Bd. civ, Nu. 3-4, 1911). 

The cardiac depression must be 
combated by the administration of 
strychnine, belladonna, and adrenalin, 
which gave the writer four successful 
cases, though, of course, he has also 
had his failures. The formula used 
is as follows: — 

Atrolfinc sul- 
phate Hoo gr. (().(XK)C5 Gm.). 

Strychnine hy- 
drochloride. %oo gr. (0.00f)r)5 Gm.). 

Adrenalin chlo- 
ride .solution 

(linlOdt)).. 5 Til C.C.). 

Water 20ni (1.25 c.c.). 

To be administered hypodermically 
every four hours. Coghlan (Brit. Med. 
Jour., March 9, 1912). 

In a study of the toxemic stage of 
diphtheria dominated by cardiac (or 
possibly tissue) degeneration, ex- 
periments showed that a certain 
number of animals which otherwise 
would certainly have died recovered 
as a result of the intravenous injec- 
tions of citrated blood in addition to 
antitoxin treatment. It is safe to con- 
clude that in clinical diphtheria treat- 
ment along these lines will probably 
reduce the risk of death, and by 
safeguarding the suprarenals will 
shorten the illness. M. E. Harding 
(Lanret, Apr. 9, 1921). 

The writer recalls that Morichau- 
Beauchant observed that diphtheria 
had a particularly serious effect on 
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the adrenals, and that Goldzicher 
regarded the appearance of low blood- 
^ pressure in various forms of septicemia 
as due to insufficiency of the adrenals. 
Sajous recommends the use of supra- 
renal glands of the U. S. P. by mouth 
for asthenia and low blood-pressure of 
convalescence. The p6wder, in 2 grain 
doses (0.13 Gm.), t. i. d., usually suffices. 
With this he combines iron (Blaud’s) 
and strychnine. H. 1. Goldstein (Med. 
Standard, Apr., 1921). 

In post-diphtheritic asthenia and low 
blood-pressure, adrenalin, given sub- 
cutaneously, intravenously and by rec- 
tum, is useful. It is well borne even in 
large doses. These cases suffer from 
a vicious circle involving lowered car- 
diac activity and impaired nutrition of 
the central and peripheral sympathetic 
system, which adrenalin overcomes. 
J. Munk (Ned. Maand. v. Gen., July, 
1923). 

The antitoxin treatment of diph- 
theria has been in general use the 
world over since 1895, and in that 
time has won for itself the right to 
be regarded as a specific. 

The cases of diphtheria which have 
occurred during the past twelve years 
in Philadelphia, as reported to the 
Bureau of Health, numbered 43,997. 
Of this 7097 terminated fatally. With 
more extensive use of the diphtheria 
antitoxin the mortality has been re- 
duced from 24 per cent, in 1898 to 12.1 
per cent, in 1909. Mary Sallom (Med. 
Record, July 9, 1910). 

Diphtheria antitoxin is taken from 
the blood of horses that have been sub- 
jected to repeated inoculations of in- 
creasing doses of the toxins produced by 
the diphtheria bacillus. The course of 
treatment usually occupies several 
months. When immunity has been 
thoroughly established in a horse the 
blood is drawn from a jugular vein into 
sterilized vessels and allowed to clot. 
The clear serum is then siphoned off 
into small sterilized bottles, each of 
which contains sufficient antitoxin for 


one dose, and is preserved by the addi- 
tion of camphor or carbolic acid in small 
quantity. 

The antitoxin prepared in this manner 
IS a clear, limpid fluid, having the color 
of blood-serum. If kept in a cool, dark 
place, it remains clear and is efficient 
for several months. After a year it be- 
gins to lose some of its power. Often 
before this time the serum becomes tur- 
bid and is unfit for use. The strength 
of the serum is expressed in terms of an 
arbitrary unit, dependent upon its power 
to neutralize definite quantities of diph- 
theria toxins. An antitoxin unit, ac- 
cording to the standard established by 
Ehrlich, is the amount of antitoxin 
necessary to neutralize 100 times the 
minimum lethal dose of diphtheria toxin 
for a guinea-pig of given weight. Since 
the reaction of different horses to the 
diphtheria toxin varies, the number of 
units in each cubic centimeter of serum 
will vary. Upon each bottle of antitoxin 
is indicated the number of antitoxin 
units which it contains. 

The antitoxin is supposed to act in 
two ways. It neutralizes the toxin that 
has been formed by the bacilli, and also 
stimulates the body-cells to the produc- 
tion of further antitoxin. The first 
property is due to the antitoxic bodies 
proper and the latter — according to 
Ehrlich — to altered toxins, called by 
him toxons. These toxons are not 
toxic, and, yet, are capable of stimu- 
lating antitoxin production in the same 
manner as the toxin. 

We have, as yet, no means of deter- 
mining accurately the dose of antitoxin 
suitable to each case of diphtheria. It 
depends upon the severity of the case, 
the time of injection, and, to a slight 
extent, upon the age of the patient. We 
judge of the severity of the case by the 
location and extent of the membrane 
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and the degree of constitutional depres- 
sion. The tendency is constantly to- 
ward the use of larger doses of the 
antitoxin. In the early days of its use 
the antitoxin was comparatively weak, 
and large quantities, as much as 20 c.c., 
were required for a single dose. Many 
of the unfavorable results at first re- 
ported were doubtless due to the large 
quantities of horse serum which it was 
necessary to inject. It was also a diffi- 
cult and painful procedure to introduce 
such large quantities of fluid hypo- 
dermically. 

The antitoxin now used is many times 
stronger ; so that even the largest doses 
rarely require more than 10 c.c. This 
concentration of the serum leaves us 
much more free in increasing the power 
of the first injection. 

Dose. — It is very difficult to formu- 
late rules for the dosage of antitoxin, 
for the amount required by different 
cases varies greatly. One patient 
may require a total of 10,000 units to 
effect a cure, while another, with a 
similar type and severity of the dis- 
ease, will require 40,000. 

The slow absorption of the antitoxin 
from the tissues would seem to make 
the single injection by far the better 
method. The tables below show that 
the single dose gives much greater anti- 
toxin content for the first three days. 


(1) Antitoxin Content of Blood in 
Goats Injfxted. 

(Each received 5000 units.) 



Weight of goats about 25 pounds 
each. 


(2) Antitoxin Content op Blood in 
Three Adult Diphtheria 
Patients. 

(Each received 10,000 units) 



Units in 1 c. c. at diflferent in- 

Method OF In- 


1 

tervals of time. 





ja js j3 


tn 

(O 

i SI 

K » 

Intravenous (1)-. 

.3.0 

2.7 

2.4 2.0 

1.5 1.0 0.8 

Subcutaneous (2) 

0.1 

0.2 1 

0.25 0.4 

0.55 0.65 0.7 

Intramuscular (3) 

0.2 

0.35 1 

0.6 

0.6 0.59 0.55 


Weight of number 1 about 100 
pounds; of number 2 about 110 pounds; 
of number 3 about 120 pounds. 



UNITS IN BLOOD AT 


12 h. 

24 h. 

48 h. 

72 h. 

Single dose 

Dose divided into three 

0.25 

0.4 

0..55 

0.65 

given at 12-hour in- 
tervals 

0.08 

0.2 

0.48 

0.62 


A large series of cases treated by 
the different methods has also shown 
that the intravenous injections of 
antitoxin can be safely given. In 
severe cases of diphtheria intraven- 
ous injections are indicated. Park 
(Jour, of Pharm. and Exper. Therap., 
March, 1912). 

Having selected 125 severe cases 
for intravenous antitoxin treatment 
among a total of 1025 cases, the writers 
found that this method was of great 
value. The dosage ranged from 6000 
to 40,000 units, the largest single in- 
jection being 24,000. In all but 11 
cases the initial intravenous dose was 
followed by intramuscular injections, 
and the average total amount given 
was 48,000 units. The mortality rate 
in these severe cases was 12 per cent., 
and all but 32 of the 125 escaped 
paralyses. Toxic symptoms subsided 
much more rapidly. In all but 24 cases 
a definite reaction set in about 40 
minutes after the injection. Serum 
sickness developed in 57. McIntyre 
and McKay (Lancet, June 21, 1924). 

Since antitoxin is practically harm- 
less, it can be given in large doses and 
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repeated as often as the condition of 
the patient demands. In the nasal 
and milder forms of pharyngeal diph- 
theria an initial dose of 4000 to 8000 
units in children, and 5000 to 10,000 
units in adults, can be given, and the 
dose repeated in twelve hours if neces- 
sary. If there is not marked improve- 
ment and the membrane is spreading, 
there should be no delay in giving re- 
peated doses of 5000 to 10,000 units in 
children and 8000 to 20,000 units in 
adults, at six to twenty-four hours’ in- 
tervals, until there is evidence that 
the disease is under control. The 
dose for children will vary with the 
age and size of the child, but for a 
child of 2 years the lower doses men- 
tioned will not be too great, and, if 
necessary, can be exceeded. Usually 
with a granular appearance of the 
membrane, with loosening at its 
edges and relief of the constitutional 
symptoms in the pharyngeal type, and 
a relief of the stenosis in the laryn- 
geal, there will be no further use for 
the serum. 

The physician should, however, al- 
ways be ready to give further antitoxin 
on indication as it is only with suf- 
ficient dosage that cure can be satis- 
factorily effected. 

Effectual treatment consists in giv- 
ing a large initial dose of antitoxin. 
In a severe case, from 10,000 to 20,- 
000 units should be injected at the be- 
ginning; the result of the first injec- 
tion will determine whether or no 
more shall be used. In severe cases 
of diphtheria 10,000 units by hypoder- 
mic injection are advised. If septic 
manifestations are evident, the most 
rapid relief follows the injection of 
10,000 to 20,000 units into the median 
basilic vein. Louis Fischer (Med. 
Record, Feb. 22, 1913). 

The writer deplores the timidity of 
certain physicians who still hold back 


from high dosage and give diphtheria 
antitoxin in inadequate amounts. He 
recommends that the antitoxin be 
marketed in large vials, up to 20, 40 
or 60 c.c., the small vials being labeled 
‘‘preventive dose’* and the large “cura- 
tive dose.” Comby (Presse med., 
Jan. 24, 1918). 

As to the dosage of antitoxin, each 
case must be judged on its individual 
characteristics. In the writer’s experi- 
ence the following scale has served 
as a guide: 1. Purely tonsillar cases, 
from 5000 units to 10,000 units. 2. 
Laryngeal, 10,000 units to 15,000 
units. 3. Pharyngeal (including ton- 
sils), 15,000 units to 25,000 units. 4. 
Nasal or nasopharyngeal, 20,000 units 
to 50,000 units. The doses will vary 
somewhat according to the duration 
of the disease, and the possibility of 
more than a single type occurring in 
the same patient must not be over- 
looked. The maximum amount of 
antitoxin required for a given case 
should be administered intramuscu- 
larly into the outer side of the thigh 
as soon as possible. A. L. Hoyne 
(Arch, of Pediat., Sept., 1918). 

The tendency is to use a single dose 
of antitoxin rather than multiple doses. 
Subcutaneous injection requires 2 days 
to exert its full effect. With intra- 
venous use the antitoxin passes out 
into the tissues immediately, whereas 
in subcutaneous or intramuscular in- 
jection it remains in the tissues and 
diminishes gradually for 1 to 2 weeks. 
Treatment, therefore, has come down 
to a single sufficiently large dose in- 
travenously. In babies it is given in 
the jugular vein ; in older children in a 
vein in the arm. Chills may occur 
after the injection, but recently an 
antitoxin of high potency has been 
prepared and filtered so as to be per- 
fectly clear, and chills have occurred in 
not more than 3 per cent. The only 
cases in which an intravenous injec- 
tion is undesirable are those in which 
the patients have had treatment be- 
fore. Park (N. Y. Med. Jour., Jan. 29, 
1921). 

Every hour of delay in the injection 
of diphtheria antitoxin may be harmful 
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In mild and intermediate cases 100 
units per kilo. (2.2 pounds) of body 
weight suffice; in severe cases 500 units 
per kilo, should be given. Repeated 
injections are unnecessary. For pas- 
sive immunization, 50 units per kilo, 
suffice. Intravenous injection of anti- 
toxin affords a slight improvement in 
the curative results, and in dangerous 
cases may be repeated. B. Schick 
(Boston Med. and Surg. Jour., Mar. 
1, 1923). 

To combat diphtheritic intoxication 
of the medullary centers, the writers 
used antitoxin intraspinally in doses of 
20 to 40 c.c. in malignant cases, with 
favorable results. Large doses intra- 
muscularly were given in addition. 
Benhamon, Calmette and Flogny (Paris 
med., Apr. 28, 1923). 

In severe cases the writer advocates 
further injections of antitoxin after 1 
week, having witnessed relapse of 
diphtheria between the 10th and 16th days 
after a single injection. The Schick 
test was positive in these case.s, and 
the tonsils contained no antitoxin after 
the 13th day, showing a lack of pro- 
tection of the tissues, although the 
blood still contained some antitoxin. 
Kassowitz (Wien. klin. Woch., Mar. 
20, 1924). 

In the Copenhagen Blegdamshos- 
pital the mortality* from diphtheria dur- 
ing the last 5 years was 1.2 per cent, 
in 4819 cases. Circulatory insufficiency 
(diphtheria shock) was responsible for 
the fatality in all but 5 of the 66 deaths; 
paralysis of the respiratory muscles in 
. 4 cases, and fatal toxic action on the 
liver and kidneys in 1 case. The rule 
is as large doses of antitoxin as pos- 
sible, as early as possible; absolute 
quiet; camphor subcutaneously, and 
caffeine by the mouth. Further study 
of diphtheria shock may disclose means 
to act on the capillaries, arterioles or 
heart musculature, and show whether 
adrenalin might not help. Heckscher 
(Ugeskrift f. Lager, Feb. 18, 1926). 

In the more severe pharyngeal cases, 
where the physician sees the patient late 
in the disease, and always in laryngeal 
cases, an initial dose of 8000 to 15,000 


units should be given to a child, and 
10,000 to 20,000 units to an adult, this 
dose to be repeated in six to twelve 
hours, unles.s the improvement is very 
marked. Further treatment is to be car- 
ried out according to the reaction of the 
patient. When there is great improve- 
ment in the symptoms the treatment can 
be tentatively ceased, to be resumed on 
the least indication. When the improve- 
ment is slight, there should be no hesi- 
tancy in giving large doses of antitoxin 
at frequent intervals until there is 
marked improvement. In severe laryn- 
geal cases it is well to give an initial 
dose of 15,000 to 20,000 units. 

Hot-air inhalations in the treatment 
of diphtheria. The healed air was con- 
veyed to the mouth by a flexible metallic 
tube, to the extremity of which could 
be attached brass tubes of varying 
diameter, covered by a cork cylinder in 
order to avoid burning the lips. The 
highest temperature reached by the air 
supplied in the apparatus w’as 150® C. 
(302® F.), but no® C. (230® F.) was 
about the highest point attained in 
treating the patients. The method 
should be combined with the use of 
antitoxin, since it is complementary, 
the hot air being chiefly a bactericidal 
agency, while the serum is chiefly anti- 
toxic. R. Rendu (Lyon med., Jan. 12, 
1913). 

The writer (vide supra) y among the 
4819 patients previously referred to, 
had a large proportion of severe nasal 
and pharyngeal cases. Antitoxin was 
used in about two thirds of them in 
very large doses, up to 200,000 units, 
given partly intramuscularly in 10 per 
cent, of the especially grave case$« 
The mortality was 2 per cent.; but 
even of this proportion 0.8 per cent, 
was due to complicating diseases, 
pneumonia, syphilis, or lack of time for 
the effects of the treatment, some of 
the patients dying within 24 hours 
after admission. Of«the remaining 57 
deaths (1.2 per cent.) only 1 was due 
to a collapse after injection of the 
antitoxin, and the treatment may hav^ 
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contributed to the fatal circulatory fail- 
ure which developed in 2 other patients 
in the third week. Heckscher (Deut. 
med. Woch., Jan. 8, 1926). 

The injections of antitoxin may be 
made in almost any part of the body, 
now that the quantity of serum used is 
comparatively small ; the abdomen, 
thighs, or back may be preferred. An 
hypodermic syringe capable of holding 
S c.c. is most convenient, but the ordi- 
nary hypodermic may be used in emer- 
gency. Some slight pain, redness, and 
edema may be seen at the site of the 
injection, but nothing more, if proper 
care be taken in making the injection. 

General eruptions may be seen in a 
large percentage of the cases in which 
antitoxin is used, if watch be kept for 
them. The eruption is in the form of 
an urticaria, as a rule, and develops 
about the tenth day after the injection. 
It may be transient and give no trouble, 
or may continue for several days and be 
very annoying. 

A new method of administering anti- 
toxin, namely, the intraperitoneal, is 
suggested for selected cases of diphtheria. 

For infants and young children, the 
simplicity of technique over the intra- 
venous is emphasized. Local discom- 
fort, an annoying factor in the sub- 
cutaneous and intramuscular methods, 
is absent. 

Absorption by the intraperitoneal 
route does not approach the intravenous 
where antitoxin is delivered directly 
into the blood stream. Early absorp- 
tion of antitoxin, however, as shown 
by tests on the blood after intraperi- 
toneal injection, is approximately 5 
times greater than after intramuscular 
injection. Within 1 hour it is more 
than sufficient to neutralize the cir- 
culating toxin in the blood. Absorp- 
tion by the intraperitoneal method is 
more rapid in infants than it is in older 
children. It* is among the former that 
the procedure finds its greatest use. It 
is particularly applicable: (1) In ad- 
vanced cases where suitable veins for 


intravenous administration are lacking. 
(2) In moderately advanced cases in 
which intravenous injection is not 
considered necessary or advisable, but 
in which more rapid absorption is 
desired than can be obtained by the 
intramuscular method. Platou (Arch, 
of Pediatr., Sept., 1923). 

After treating 50 cases with antitoxin 
intraperitoneally, the writers conclude 
that the method is a simple and safe 
one. The antitoxin is injected without 
dilution. They deem this the method 
of choice in severe cases of toxic 
myocarditis. Toomey, Goehle and 
Dauer (Amer. Jour. Dis. of Childr., 
Feb., 1925). 

Temporary albuminuria has been re- 
peatedly noted after immunizing doses 
of antitoxin, but this disturbance of the 
kidneys has always passed off without 
symptoms or sequelae. 

Swelling of the joints has also been 
reported in some cases, but must be very 
rare. These sequelae of the use of anti- 
toxin seem to be dependent upon the 
quantity of serum employed in the in- 
jection and the number of injections 
given. These disturbances, the so-called 
‘‘serum sickness,’^ are more frequent 
with repeated than with single injec- 
tions. There seems to be a sensitizing 
action by the first dose, so that a sub- 
sequent one, given within a certain 
period, is likely to give rise to symptoms 
(anaphylaxis). 

Park claims that the process elabo- 
rated by Gibson for refining antitoxin 
has reduced the incidence of rashes and 
“serum sickness"' one-half. This proc- 
ess consists of the separation of the 
antitoxic globulins from the greater part 
of the non-antitoxic protein, and gives 
an antitoxin twice to three times as' 
strong as the older methods. 

Authorities up to the present year 
have failed to emphasize the occasional 
danger of sudden death in sensitized 
individuals or those subject to bronchial 
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asthma or to respiratory distress in 
other forms. Individuals peculiarly 
susceptible to the odor of horses or 
stables and those subject to asthmatic 
attacks, hay fever, and bronchitis 
should have horse serum administered 
only upon most urgent cause, and then 
with due prophylaxis. Insufficiency or 
inadequacy of the suprarenal glands 
may account in the asthmatic type for 
the peculiar reaction. The administra- 
tion hypodermically of aqueous ex- 
tracts of the suprarenal glands pre- 
vious to the use of serum in this class 
of cases is desirable in order to rehabili- 
tate and control the vasomotor sys- 
tem, and may prove of great prophy- 
lactic value, as well as useful in the 
heroic treatment of the acute attacks 
of serum sickness. Wallace (Med. 
Record, Jan. 7, 1911). 

Warning against what the writers 
term the “menace of the diagnostic 
throat culture in diphtheria,” experi- 
ence having shown that lives arc some- 
times sacrificed through waiting for 
the laboratory report before antitoxin 
administration. The most aggravated 
case they refer to was that of a man 
who was under a physician’s care for 
11 days and died after the membrane 
had been permitted to extend to the 
bronchi, because frequent cultures 
taken in the usual way were negative. 
This illustrates a point sometimes 
overlooked: The culture may be wrong 
(even excluding laryngeal cases). The 
indications from this as regards early 
antitoxin administration in suspicious 
cases are obvious. Bullowa, Hardman, 
and Litchfield (Jour. Amer. Med. 
Assoc., Jan., 1923). . 

The effects of the antitoxin upon 
the diphtheritic process may be al- 
most immediate, and should be evi- 
dent within twenty-four hours in all 
cases. Although it has no bactericidal 
power whatever, it affects both the 
local and the general condition. In the 
throat an advancing process stops or 
at once begins its retrogression. The 
amount of discharge lessens, the 


swelling diminishes, the membrane 
ceases to spread, begins to soften, and 
becomes looser. The favorable influ- 
ence is quite as marked in the larynx 
as upon other parts. The stenosis is 
relieved, as a rule, and the membrane 
is more rapidly thrown off. The gen- 
eral testimony has been that, of the 
laryngeal cases, a much smaller pro- 
portion has required operative treat- 
ment for the relief of the stenosis 
since the introduction of antitoxin. 

If intubation is resorted to, the tube 
is more often coughed out, or can be 
removed earlier, than under any other 
form of treatment. 

In the asphyxia of diphtheria mor- 
phine will often obviate intubation, and 
generally the tube may be withdrawn 
in twelve hours. Lesage and Cleret 
(Tribune med., vol. xli, p. 213, 1908). 

The writer intubates evt*n infants, 
but he examines daily to avert pressure 
lesions. He had a mortality of 49 per 
cent, among 102 children under the 
age of 2 treated by tracheotomy when 
the intubation had failed. Bokay 
(Deutsch. med. Woch., Feb. 12, 1926). 

The constitutional effect of the in- 
jection is as marked as the local. 
Usually the temperature falls within 
twenty-four hours, the pulse im- 
proves, the mind is clearer, and the 
patient is evidently better in every 
way. 

The cases apparently severe or fatal 
are transformed into mild ones. Ba- 
ginsky tells us that, in recording th€ 
effects of antitoxin upon the various 
types of diphtheria, he found it neces- 
sary to require his assistants to write 
their judgment of the severity of the 
cases upon the admission card, when 
each case was first seen, since the anti- 
toxin in most cases completely changed 
the picture. 

The time of the injection has a most 
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vital relation both to the immediate ef- 
fect and to the ultimate outcome of the 
case. In experimental work an animal 
can usually be saved from a fatal dose 
of diphtheria toxin if antitoxin is given 
within forty-eight hours, but not later. 
Clinically, .good results can usually be 
had if antitoxin is given within three 
days of the onset of the diphtheria, but 
later than that its influence is greatly 
lessened. In the Antitoxin Report of 
the American Pediatric Society” the 
mortality of first-day injections was 
4.7 per cent; of second day, 7.4 per 
cent.; of third day, 8.8 per cent.; of 
fourth day, 20.7 per cent., and of fifth 
day, 35.3 per cent. 

Coupling the danger of delay with the 
harmless nature of the antitoxin, it is 
quite plain that antitoxin should be 
given in every case where the diagnosis 
of diphtheria is probable. Only in mild 
cases may we wait for the bacterio- 
logical diagnosis. Especially in all 
laryngeal cases should the immediate 
use of antitoxin be advised. 

No harm is done if the case is not 
diphtheria, and, if it is, a great advan- 
tage is gained. 

We may safely assume that the use of 
antitoxin is harmless, for if all the re- 
ported cases of sudden death, or aggra- 
vation of cardiac or renal disease, or 
other unfavorable influence, were ac- 
cepted as proved, they could not, for a 
moment, be weighed against the accu- 
mulated evidence of the curative effect 
of antitoxin in diphtheria. 

There are certain definite limitations 
of the efficiency of the diphtheria anti- 
toxin. It has already been pointed out 
that not all the lesions of diphtheria are 
produced by the action of the diph- 
theria bacillus or its toxins. 

Certain of them, especially the bron- 
chopneumonia and nephritis, are be- 


lieved to be due to the action of 
streptococci. 

Upon these processes the antitoxin 
can have no direct effect. By lessening 
the depression produced by the diph- 
theria, antitoxin may enable the patient 
to resist the further attack of the strep- 
tococci or other pathogenic organisms; 
it cannot be expected to do more. It 
has also been urged against the anti- 
toxin that diphtheritic paralysis is quite 
as frequent after its use as it was 
without antitoxin. 

To this two reasonable replies have 
been made: One, that the nervous sys- 
tem is most susceptible to the action of 
the diphtheria toxins, and, therefore, 
most difficult to protect; so that, while 
antitoxin can save the life of the patient, 
it cannot protect him from the particu- 
lar effect of this disease. The other is 
the ingenious suggestion that, by saving 
the lives of many who, suffering from 
severe diphtheritic infection, would, in 
all probability, have died under any pre- 
vious form of treatment, antitoxin in- 
creases the number of those in whom 
we should reasonably expect to see 
diphtheritic paralysis develop. 

The writer having lost 9 children 
from diphtheritic paralysis last year in 
his 622 cases of diphtheria, while 3 
others died of the malignant sore throat 
without paralysis, he has increased the 
dosage in such cases and the results 
have been much better. In 18 unusually 
severe cases the impending catastrophe 
was warded off by the repeated large 
doses of antitoxin, while 5 others, in 
which the ordinary dosage was used, 
terminated fatally. H. Mery (Arch, 
de med. des enfants, Sept., 1909). 

In 6 cases of paralysis coming on 
4 to 6 weeks after onset of diphtheria, 
the writer at once began antitoxin, re- 
gardless of previous treatment, and 
kept it up until the paralysis had dis- 
appeared. In another case it dispelled 
paralysis of th^ soft palate of 4 years* 
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standing. Labbe (Arch, de med. des 
enf., Oct, 1921). 

The method of administration of the 
antitoxin and its mode of action are 
such that it in no way interferes with 
the use of any other form of treatment 
that may be regarded beneficial. Being 
given hypodermically, it does not dis- 
turb the stomach or interfere with feed- 
ing or medication. ‘ Fish, of St. Louis, 
has reported experiments going to prove 
that antitoxin given by mouth is effect- 
ive. Similar experiments made by Park 
gave negative results. It is doubtful 
whether any advantage would be gained 
if it were possible to introduce the anti- 
toxin in this way. 

As stated by Roberts (New York State 
Jour, of Med., Nov., 1923, cited by Therap. 
Gaz., June, 1924) it is now generally recog- 
nized that if diphtheria antitoxin is used 
early enough, no deaths from this disease will 
occur. In some instances, the physician is not 
called early enough. In other instances, be- 
cause of poor light, or symptoms which 
divert his attention from the real cause of 
the illness, 48 hours or more go by before 
the true cause is recognized. In this con- 
nection an analysis of 500 deaths from diph- 
theria in the State of New York outside of 
New York City in 1922 which has been 
made by Roberts of the New York State 
Department of Health is of very great in- 
terest. 

The points which deserve the chief em- 
phasis are that in a very large proportion 
of the cases, namely, 369, the parents did 
not call the physician until the disease was 
well under way and in some instances in- 
terfered with proper treatment. Dr. Roberts 
makes a plea for educating the laity to the 
value of diphtheria antitoxin, and insists 
that the intravenous method of administra- 
tion should be more widely used, especially 
in severe cases or in moderate cases seen 
later than the second day of the disease. 
When not used intravenously, the antitoxin 
should be given intramuscularly rather than 
subcutaneously. He believes tnat the sub- 
cutaneous method is so slow that it should 
be used only for prophylaxis in exposed 


persons. When used intravenously, the 
patient should be desensitized by a small 
preliminary dose, and even if ultimately the 
case is proved not to be diphtheria, no harm 
has been done. He urges large single doses 
rather than small divided doses, stating that 
the full amount should be given at one time. 

Proper surgical treatment should be 
promptly resorted to in laryngeal cases. Of 
110 deaths from respiratory obstruction, 58 
had no surgical treatment of any sort. 

Greater attention should be paid to the 
care of patients during convalescence. This 
need is supported by the fact that cardiac 
involvement is stated to have played a part 
in nearly half of all the deaths, and that in 
24 of these cardiac cases failure to keep the 
patient at rest was definitely mentioned as 
the immediate lethal factor. 

Laryngeal stenosis may call for 
further treatment. The general testi- 
mony is that antitoxin exerts a 
marked, in some cases a marvelous, 
influence upon diphtheritic stenosis. 
It is also agreed that since the gen- 
eral use of antitoxin a greater per- 
centage of laryngeal cases have es- 
caped operative interference than 
ever before, and of those finally oper- 
ated upon a greater number have re- 
covered. The triumph of antitoxin 
has been that of intubation as well. 

The writers highly recommend 
large doses of antitoxin and local ap- 
plication in the form of antitoxin 
powder, insufflated into the nose and 
throat until the bacilli have entirely 
disappeared. Perreti-ere and Bouchet 
(Lyon Med., Aug., 1918). 

The results of intubation after ihe 
administration of antitoxin have been 
most brilliant. Whereas two-thirds 
of such cases died before the use of 
antitoxin, with it more than two- 
thirds recover. The indications and 
technique of the operation are de- 
scribed in the article on Intubation. 

Tracheotomy should be resorted to 
only when no trained intubator can 
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vital relation both to the immediate ef- 
fect and to the ultimate outcome of the 
case. In cx])erimental work an animal 
can usually be saved from a fatal dose 
of diphtheria toxin if antitoxin is ^iven 
within forty“(‘i^^ht hours, but not later. 
Clinically, ^^ood results can usually be 
had if antitoxin is given within three 
days of the onset of the diphtheria, but 
later than that its influence is greatly 
lessened. In the “Antitoxin Report of 
the American Pediatric Society** the 
mortality of first-day injections was 
4.7 per cent; of second day, 7.4 per 
cent.; of third day, 8.8 per cent.; of 
fourth day, 20.7 per cent., and of fifth 
day, 35.3 per cent. 

Coupling the danger of delay with the 
harmless nature of the antitoxin, it is 
quite plain that antitoxin should be 
given in every case where the diagnosis 
of diphtheria is probable. Only in mild 
cases may we wait for the bacterio- 
logical diagnosis. Especially in all 
laryngeal cases should the immediate 
use of antitoxin be advised. 

No harm is done if the case is not 
diphtheria, and, if it is, a great advan- 
tage is gained. 

We may safely assume that the use of 
antitoxin is harmless, for if all the re- 
ported cases of sudden death, or aggra- 
vation of cardiac or renal disease, or 
other unfavorable influence, were ac- 
cepted as proved, they could not, for a 
moment, be weighed against the accu- 
mulated evidence of the curative effect 
of antitoxin in diphtheria. 

There are certain definite limitations 
of the efficiency of the diphtheria anti- 
toxin. It has already been pointed out 
that not all the lesions of diphtheria are 
produced by the action of the diph- 
theria bacillus or its toxins. 

Certain of them, especially the bron- 
chopneumonia and nephritis, are be- 


lieved to be due to the action of 
streptococci. 

Upon these processes the antitoxin 
can have no direct effect. By lessening 
the depression produced by the diph- 
theria, antitoxin may enable the patient 
to resist the further attack of the strep- 
tococci or other pathogenic organisms; 
it cannot be expected to do more. It 
has also been urged against the anti- 
toxin that diphtheritic i)aralysis is quite 
as frequent after its use as it was 
without antitoxin. 

To this two reasonable replies have 
been made: One, that the nervous sys- 
tem is most susceptible to the action of 
the diphtheria toxins, and, therefore, 
most difficult to })rotecl; so that, while 
antitoxin can save the life of the patient, 
it cannot protect him from the particu- 
lar effect of this disease. The other is 
the ingenious suggestion that, by saving 
the lives of many who, suffering from 
severe diphtheritic infection, would, in 
all probability, have died under any pre- ‘ 
vious form of treatment, antitoxin in- 
creases the number of those in whom 
we should reasonably expect to see 
diphtheritic paralysis develop. 

The writer having lost 9 children 
from diphtheritic paralysis last year in 
his 622 cases of diphtheria, while 3 
others died of the malignant sore throat 
without paralysis, he has increased the 
dosage in such cases and the results 
have been much better. In 18 unuvsually 
severe cases the impending catastrophe 
was warded off by the repeated large 
doses of antitoxin, while 5 others, in 
which the ordinary dosage was used, 
terminated fatally. H. Mery (Arch, 
de med. des enfants, Sept, 1909). 

In 6 cases of paralysis coming on 
4 to 6 weeks after onset of diphtheria, 
the writer at once began antitoxin, re- 
gardless of previous treatment, and 
kept it up until the paralysis had dis- 
appeared. In another case it dispelled 
paralysis of the soft palate of 4 years’ 
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standing, Labbe (Arch, de med. des 
enf., Oct., 1921). 

The method of administration of the 
antitoxin and its mode of action are 
such that it in no way interferes with 
the use of any other form of treatment 
that may be regarded beneficial. Being 
given hypodermically, it does not dis- 
turb the stomach or interfere with feed- 
ing or medication. ‘ Fish, of St. Louis, 
has reported experiments going to prove 
that antitoxin given by mouth is eflFect- 
ive. Similar experiments made by Park 
gave negative results. It is doubtful 
whether any advantage would be gained 
if it were possible to introduce the anti- 
toxin in this way. 

As stated by Roberts (New York State 
Jour, of Med., Nov., 1923, cited by Therap. 
Gaz., June, 1924) it is now generally recog- 
nized that if diphtheria antitoxin is used 
early enough, no deaths from this disease will 
occur. In some instances, the physician is not 
called early enough. In other instances, be- 
cause of poor light, or symptoms which 
divert his attention from the real cause of 
the illness, 48 hours or more go by before 
the true cause is recognized. In this con- 
nection an analysis of 500 deaths from diph- 
theria in the State of New York outside of 
New York City in 1922 which has been 
made by Roberts of the New York Slate 
Department of Health is of very great in- 
terest. 

The points which deserve the chief em- 
phasis are that in a very large proportion 
of the cases, namely, 369, the parents did 
not call the physician until the disease was 
well under way and in some instances in- 
terfered with proper treatment. Dr. Roberts 
makes a plea for educating the laity to the 
value of diphtheria antitoxin, and insists 
that the intravenous method of administra- 
tion should be more widely used, especially 
in severe cases or in moderate cases seen 
later than the second day of the disease. 
When not used intravenously, the antitoxin 
should be given intramuscularly rather than 
subcutaneously. He believes that the sub- 
cutaneous method is so slow that it should 
be used only for prophylaxis in exposed 


persons. When used intravenously, the 
patient should be desensitized by a small 
preliminary dose, and even if ultimately the 
case is proved not to be diphtheria, no harm 
has been done. He urges large single doses 
rather than small divided doses, stating that 
the full amount should be given at one time. 

Proper surgical treatment should be 
promptly resorted to in laryngeal cases. Of 
110 deaths from respiratory obstruction, 58 
had no surgical treatment of any sort. 

Greater attention should be paid to the 
care of patients during convalescence: This 
need is supported by the fact that cardiac 
involvement is stated to have played a part 
in nearly half of all the deaths, and that in 
24 of these cardiac cases failure to keep the 
patient at rest was definitely mentioned as 
the immediate lethal factor. 

Laryngeal .stenosis may call for 
further treatment. The general testi- 
mony is that antitoxin exerts a 
marked, in some cases a marvelous, 
influence upon diphtheritic stenosis. 
It is also agreed that since the gen- 
eral use of antitoxin a greater per- 
centage of laryngeal cases have es- 
caped operative interference than 
ever before, and of those finally oper- 
ated upon a greater number have re- 
covered. The triumph of antitoxin 
has been that of intubation as well. 

The writers highly recommend 
large doses of antitoxin and local ap- 
plication in the form of antitoxin 
powder, insufflated into the nose and 
throat until the bacilli have entirely 
disappeared. Perretiere and Bouchet 
(Lyon Med., Aug., 1918). 

The results of intubation after the 
administration of antitoxin have been 
most brilliant. Whereas two-thirds 
of such cases died before the use of 
antitoxin, with it more than two- 
thirds recover. The indications and 
technique of the operation are de- 
scribed in the article on Intubation, 

Tracheotomy should be resorted to 
only when no trained intubator can 
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be had, or intubation has been tried 
and has failed. The Continental 
practice of resorting to a secondary 
tracheotomy if a tube has been worn 
four days rests upon no rational 
basis and should be abandoned. By 
using hard-rubber tubes, the perfec- 
tion of which was one of O’Dwyer’s 
last labors, we may leave the tubes 
in the larynx for months without 
danger of harm. 

The writer advocates small, trans- 
verse incisions in tracheotomy. The 
incision should be a transverse cut 
upon the cricoid cartilage v.dth eleva- 
tion of a fold of the skin. On bend- 
ing the head backward the wound 
opens so that the lower part gapes 
more than the upper, allowing a good 
inspection of the topography of this 
subcricoidal region. In the median 
line will be seen the linea albicans, 
which is to be used as a guide to cut 
through the muscles upon the tra- 
chea. This operation avoids severe 
hemorrhages, and the resulting scar 
is practically invisible. Lecde (Munch, 
nied. Woch., June 4, 1912). 

In 2 of 4 cases observed, diphtheria 
was responsible for the stenosis. 
Tracheotomy was necessary in all. 
The tracheotomy relieved the suffo- 
cation and the heart, and allowed 
aspiration of the tenacious secretion, 
but 2 of the children died as the 
heart was too seriously damaged to 
recuperate. F. Schafer (Archiv f. 
Kinderheilk., Dec. 28, 1920). 

Suction in the treatment of laryngeal 
diphtheria has given very good results in the 
hands of Litchfield and Hardman (Jour. 
Amer. Med. Assoc., Feb. 24, 1923). The 
mortality was lowered from 25 per cent, in 
1921 to 13 per cent, in 1922. The procedure 
is used promptly and as often as indicated. 
The patient is wrapped in a mummy band- 
age as for intubation and through a Jackson 
laryngoscope the membrane and mucus are 
aspirated by means of a 16 to 18 French 
silk or metal catheter, connected to an 
aspirating bottle and an ordinary electric 
suction pump capable of producing from 5 


to 10 inches of vacuum. C A. Thomson 
had already noted that a child ready for in- 
tubation was often immediately relieved by 
swabbing the larynx for cultures, the loose 
membrane often coming away with the 
swab and the subsequent cough clearing the 
mucus away, thus eliminating the need of 
intubation. Litchfield and Hardman found 
that many cases required but 1 suction treat- 
ment. In severe cases it may be repeated 
every 6 or 8 hours. In only 16 per cent, of 
suction cases was intubation later necessary 
because of persisting edema. Out of 158 
cases of laryngeal diphtheria in 1921, 102 
were intubated; out of 106 cases in 1922, 
only 18 (exclusive of the 9 cases of com- 
bined suction and intubation). Out of the 
18 intubated cases, 8 died of terminal bron- 
chopneumonia, while of the 46 cases treated 
by suction alone, only 2 died. An especial 
indication for suction lies in the cases with 
low membrane, reached neither by the in- 
tubation tube nor by tracheotomy. Suction 
shortens convalescence and obviates can- 
nula troubles. 

W. P. Nortiirup 

AND 

Oscar M. Sciiloss, 

New York. 

DISINFECTION. See Sterili- 
zation. 

DISLOCATIONS.— DEFINI- 
TION. — A dislocation is a perma- 
nent, abnormal, total, or partial dis- 
placement from each other of the 
articular portions of the hones enter- 
ing into the formation of a joint. 

A sprain is a temporary, partial 
displacement, reduced immediately 
and spontaneously. 

In total, or complete, dislocations 
the articular surfaces are completely 
separated, or touch each other only 
at their edges. In ball-and-socket 
joints the dislocation is said to be 
complete when the center of the 
globular head is displaced beyond the 
rim of the concave socket. 

Lesser forms of displacement are 
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termed partial, or incomplete, luxa- 
tions, or suhluxations. 

A diastasis is a subluxation in which 
the separation occurs in a plane per- 
pendicular to that of the articular 
surfaces, without lateral gliding of 
one upon the other. The most fre- 
quent examples of this condition are 
the so-called “subluxation” of the 
head of the radius in children and 
the tibiofibular diastasis in Pott’s 
fracture. 

A dislocation is comjilicated by in- 
juries to surrounding tissues of suf- 
ficient im])orlance to affect materi- 
ally the symi)toms, prognosis, diag- 
nosis, or treatment. It is rendered 
compound if the laceration of the 
soft j)arts establishes a communica- 
tion between the cavity of the joint 
and the outside air. 

Symmetrical dislocations on both 
sides of the body (viz., both shoul- 
ders, both hips) are termed double, 
if they occur in the one bone (jaw, 
vertebra*), they are called bilateral. 

NOMENCLATURE.— Usually the 
distal meml^er of a joint is said to be 
dislocated — the most notable excep- 
tion is the so-called dislocation of 
the outer end of the clavicle (acro- 
mioclavicular joint), and the direc- 
tion of the dislocation is that taken 
by the dislocated bone : thus a back- 
ward dislocation of the humerus 
means that the head of the humerus 
has been dislocated backward from 
the glenoid cavity, and lies behind it 
(unless it has been shifted by a sec- 
ondary or consecutive displacement). 
Sometimes, however, we speak of a 
dislocation as of the joint itself, dis- 
location of the elbow, of the knee, 
here, again, the direction ^f the dis- 
location being that taken by the dis- 
tal segment. Thus, instead of saying 


a ‘‘backward dislocation of the hu- 
merus,” we might say “a backward 
dislocation of the shoulder.” Sub- 
varieties are named, according to the 
new anatomical position of the distal 
segment, as subcoracoid dislocation 
of the humerus, iliac (or dorsal) dis- 
location of the thigh. 

Finally, it is well to bear in mind 
the distinction between “typical” and 
“atypical” dislocations, typical dislo- 
cations being those in which the at- 
titude of the limb is characteristic, 
and atypical those in which, owing 
to the laceration of some o])])(>sing 
structure, whose integrity is usually 
preserved, the characteristic position 
is not present. An “aty])ical” back- 
ward dislocation of the hip is the so- 
called “everted dorsal,” in which, 
owing to the rupture of the outer 
branch of the Y-ligament, the thigh 
is everted instead of assuming the 
usual attitude of inversion and ad- 
duction. 

ETIOLOGY. — The factors con- 
cerned in dislocations are as follows: 

(a) Anatomic and Physiologic. — 
1. Shallow articular cups, a loose 
capsule, and ligaments jierrnitting a 
wide range of movement, as in the 
shoulder and jaw, favor dislocation. 
Restricted ntovement from the inter- 
h>cking of bones and from strong 
short ligaments reduces the tendency 
to dislocation. Dislocation of the 
bones of the shoulder is very rare, 
whereas fractures are common. Ex- 
cept in the cervical region, disloca- 
tion of the spine without fracture is 
uncommon. Dislocations of the hip 
are much less common than those of 
the shoulder, and of the carpus and 
tarsus less common than of the el- 
bow and patella. The shoulder is 
more frequently dislocated than any 
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other joint, while 90 per cent, of all 
dislocations involve the upper ex- 
tremity, owiii^ to the frequency of 
falls upon the outstretched hand. 

2. // (j c . — 1 ntrauterinc dislocations 
occur from failure of the joint ])r()perly 
to develop, from disease of the joints, 
lifT^aments, or muscles, or from trauma. 
Congenital dislocations are usually 
produced during delivery, or the 
child is born with conditions favor- 
ing the dislocation, which is first 
discovered months or years later. 
Dislocations from injury are rare be- 
fore the age of 10, and usually occur 
in middle life. 



Flar. 1.— Diagram to show the action of a liga- 
ment in limiting the range of motion in a disloca- 
tion. (/S'fimflon, Die locations.”) 

3. .SV.r. — Dislocations arc more 
common in men than in women. 
Certain subluxations, such as sacro- 
iliac strain, occur more frequently in 
women, due to the greater ligamen- 
tous relaxation. 

(b) Traumatic. — 1. Indirect vio- 
lence, the force being applied at a 
distance from the joint. This is the 
most common variety of dislocation 
by violence. 

2. Direct violence, the force being 
applied directly to a joint. 

3. Muscular action, as when the 
mandible is dislocated in yawning, 
the shoulder in pitching a ball, or the 
patella in kicking. Some patients 
tan voluntarily produce subluxation, 
especially of the first phalanx of the 
thumb. 


(c) Pathologic. — Pathologic dislo- 
cations are those that occur spontane- 
ously or from slight force. They are 
due to diseases of the joints, such as 
tuberculosis, osteoarthritis, Charcot’s 
disease, or to the wasting and weak- 
ening of muscles and ligaments in 
paralysis and during prolonged fevers. 

SYMPTOMS. — Deformity is al- 
ways present. The displacement of 
the articular surface changes the nor- 
mal contour: a change which can be 
accurately verified by ascertaining by 
palpation the abnormal position of 
the various lK)ny prominences; more- 
over, the new position of the head 
of the bone makes a new and abnor- 
mal center for the movements of the 
joint, and, in connection with the 
restricting influence of unlorn liga- 
ments or bony prominences, gives 
rise to a more or less characteristic 
attitude and restriction of motion in 
certain directions. 

The comprehension of the causes 
which produce this constrained atti- 
tude and restricted moti.on, while of 
great assistance in diagnosis, is, in 
many cases, absolutely essential to 
intelligent manipulative treatment, 
for those same forces that aid our 
diagnosis we must take into account 
in our efforts to effect reduction. 
These forces are purely mechanical. 
The dislocated bone plays the part 
of a lever whose long arm extends 
from the attachment of certain liga- 
ments to its distal extremity, and 
whose short arm is that part of the 
bone between this point of attach- 
ment and the head of the bone. 

Fig. 1 illustrates how a stretched 
ligament causes deformity and re- 
stricted movement, and shows the 
danger of rough attempts to over- 
come the deformity. Such an ob- 
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Stacie is not to be overcome by brute 
force, but rather by strategy and 
dexterity. 

Shortening or lengthening of a 
limb is another aspect of the deform- 
ity. As a sign, however, it is most 
unreliable. Fig. 2 indicates the 
relative positions of the bones in a 
subcoracoid dislocation of the shoul- 
der as compared with the normal 
joint. With the arm abducted, the 
shortening is marked, but in adduc- 
tion there is little or no shortening; 
indeed, there may even be some 
lengthening. 

Crepitation of a fibrous (juality 
may lie elicited during manipulation 
I'ly friction of the bone over fil irons 
or cartilaginous structures, and means 
nothing. 1>uc bony crepitus means, 
of course, a fracture. 

Fain is always present, and is due 
to two causes. There is the jirimary 
pain caused liy the laceration of the 
tissues at the moment of the dislo- 
cation. This soon passes away. Any 
persistent pain is due to jiressure on 
nerves, the stretching of untorn liga- 
ments, an associated fracture, or other 
complication, and can only be relieved 
by the removal of the cause. 

Loss of Function. — This is usually 
complete, and due partly to the pain 
and partly to the fixation caused by 
the changed relations of the bones. 

Symptoms of Old Unreduced Dis- 
locations. — Deformity of contour and 
attitude, as well as restriction of mo- 
tion, will persist as long as the dis- 
location remains unreduced; but, as 
the parts tend to adapt themselves 
to their altered conditions, a new 
socket may form and the disability 
becomes progressively le:.s until the 
functions of the limb can in part 
be fairly well performed. But sev- 


eral conditions may interfere with 
this restoration of function. An ex- 
cessive production of cicatricial tis- 
sue may limit or aliolish the motions 
of the joint; the head of the bone 
may be progressively displaced far- 
ther from its normal situation, and 
the disability thus ])ecomc greater 
instead of less, or an intractable 
neuralgia or edema may result from 
pressure on adjoining nerves or 
vessels. 

DIAGNOSIS. — There are six im- 
portant indications of dislocation: 



Fisr. 2— Diafirram to show the effect of attitude 
upon the measured lenjfth of .the arm (I) in dislo- 
cation of the riifht shoulder, and (2) when the 
bones are In a normal position; the acro- 

mion, {*' Aimrican Text-book of Suruery/') 

normal restriction of movement, 
which may be contrasted with the 
abnormal point of nu>vemcnt or pre- 
ternatural mobility found in frac- 
tures. 2. Abnormal relation of the 
bony prominences of a joint. 3. Ab- 
normal relation of the articular sur- 
face as shown by position of the 
limb, palpation, or X-ray. 4. Changes 
elicited by mensuration. Shortening 
or lengthening of the limb, which 
may vary with the position, or al- 
teration in the various circumfer- 
ences or diameters of the joint, apart 
from that produced by local swell- 
ing. 5. Deformity, including the 
change in contour of the joint, and 
the peculiar position in which the 
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limb is held. 6. Reduced function. 
The dislocated lower jaw cannot ])e 
closed. With a dislocated shoulder, 
the elbow and wrist cannot be sim- 
ultaneously apposed to the chest. 

The most demonstrative sign of 
dislocation is the recognized pres- 
ence of the head of the dislocated 
l)one in an abnormal position. One 
may make the same inference from 
the negative evidence; namely, the 
absence of the head of the bone 
from its normal situation. 

In such localities as the fingers or 
knee the head of the bone may be 
seen; elsewhere it may be felt, as in 
the jaw (forward) or the shoulder, 
or, again, the diagnosis may only be 
ascertained by finding an indefinite 
mass which partakes of the motions 
imi)arted to the bone. Measurements 
may help; but, as above noted, are 
licible to mislead. 

In typical dislocations the attitude 
of the limb and the limitation of mo- 
tion are usually the first hint the sur- 
geon ol)tains of the nature of the 
case; but, we repeat, the only con- 
clusive evidence is the discovery of 
the head of the bone out of its nor- 
mal place. 

Differential Diagnosis. — The dif- 
ferentiation of a simple dislocation 
from a fracture at or near the articu- 
lar surfaces is often difficult, some- 
times impossible without an X-ray 
study. If the fracture is through 
the neck of the bone (without im- 
paction) the dislocated head will not 
move with motions imparted to the 
shaft of the bone; but will, on the 
contrary, give rise to a bony crepitus, 
unless some soft parts are interposed. 
But if the fracture consists simply of 
the splintering of an articular edge, 
or the tearing off of a tuberosity, the 


fragment may be pushed or drawn 
away and give no evidence, except 
])crhaps a weakness in the joint;; a 
lack of certain motions, or a ten- 
dency to recurrence of the disloca- 
tion, for which we can only assign 
the fracture as a pro])able cause. 

Jn fractures mobility is created 
where before it was not. In dislo- 
cations it is decreased in some direc- 
tions, l)Ut it is not infrequently in- 
creased in others, and, indeed, with 
.sufficient laceration of all the soft 
parts it may be increased in all di- 
rections. In case of doubt a dislo- 
cation may be differentiated from a 
contusion or s])rain ]>y examination 
under ether or by the X-ray. 

PATHOLOGY OF RECENT 
DISLOCATIONS.-^In joints re- 
laxed by paralysis or effusion (and 
in the jaw) dislocation habitually 
takes place without laceration of the 
capsule. In all other cases (except- 
ing the voluntary dislocations before 
mentioned) the capsule is torn. In 
enarthrodial joints the rent is on the 
side toward which the round head of 
the distal bone is disi)laced. In other 
joints any or all of the ligaments 
may be torn. The firmer bands, in- 
stead of giving way themselves, may 
strip up the periosteum or tear away 
the bony prominences to which they 
are attached. Opposing muscles put 
upon the stretch may act in the same 
way. The bones may also be broken 
by impact on each other; thus frac- 
ture of the olecranon occurs in an- 
terior dislocation of the elbow, and 
a mutual bruising of the head of the 
humerus and shattering of the rim 
ot the glenoid cavity in dislocations 
of the shoulder. 

COMPLICATIONS.-~F r a c t u r e s 
worthy of the name of complications 
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may occur. Some, indeed, such as 
fracture of the anatomical neck of 
the humerus, may prove insurmount- 
able obstacles to reduction. External 
wounds, especially if they compound 
the dislocation, may prove serious 
complications. Adjoining vessels may 
be ruptured and ^ive rise to fatal 
hemorrhage, or to occlusion and gan- 
grene, or to traumatic aneurisms. 
The rupture of nerves may cause per- 
manent ])aralysis and anesthesia. The 
viscera are rarely injured unless by 
some other associated trauma. 

In ohl unreduced dislocations the 
lacerated connective tissue a])out the 
head of the bone ])ecomes thickened 
and forms a pseudocapsule, while the 
periosteum, on which the head of the 
bone now rests, is stimulated and 
throws out a ridge of ])one so as to 
f(;rm a new articular cavity, .some- 
times lined with fi])rocartilage. The 
muscles and ligaments shrink or 
elongate to ada])t themselves to their 
changed circumstances, and thus a 
com])aratively useful new jf)int may 
])Q. formed. In the meanwhile an op- 
])osite train of events takes place in 
the old joint cavity. It is obliterated 
either by adhe.sion of the capsule or 
by filling up with granulation tissue. 
I'hus not only is the dislocated bone 
fixed in its new position, but also the 
old .socket is obliterated and ren- 
dered unfit for its reception. It is 
important to note that the scar may 
include neighboring vessels or nerves, 
and by pressing on them give rise to 
neuralgia or edema without any di- 
rect pressure by the bone itself, and, 
moreover, the tearing of this tissue 
in attemjits at reduction may result 
in fatal injuries to ves.scl or nerve. 

PROGNOSIS. — Reduction is usu- 
ally followed by repair of the dam- 


age done, and within a few weeks 
the joint is as useful as ever. Occa-, 
sionally, however, a permanent lax- 
ity of the capsule remains, which 
allows the dislocation to recur on 
more or less slight provocation, and 
with each recurrence the tendency 
grows more marked. Occasionally, 
also, without any unusual evidence 
of injury to the nerves at the time of 
occurrence of the accident, a disloca- 
tion may be the starting point of an 
intractable neuralgia, or it may pre- 
dis])ose the joint to rheumatism. The 
ctunplications above mentioned ren- 
der the ])rognosis more grave. 

In old unreduced dislocations the 
prognosis is different for every indi- 
vidual case. In some the new joint 
will become fairly useful, in others 
not so; yet the pros])ect of relief by 
operation is not always good. 

TREATMENT.— A recent dislo- 
cation should be immediately re- 
duced unless great inflammatory re- 
action, swelling, or shock renders 
the infliction (jf pain or the use of 
anesthetics inadvisable. 

Anesthetics are of use to overcome 
the resistance of the muscles, which, 
contracted ])y ])ain or fear of pain, 
('ppose the manipulations necessary 
for reduction, or in case the patient 
can not or will not suffer the ]>ain 
incident to those manipulations. Re- 
duction may usually be effected in 
“primary” anesthesia. Ether is .safer 
than chloroform for this purpose. 
Nitrous oxide is less useful than the 
more relaxing general anesthetics. 
Spinal anesthesia gives excellent re- 
laxation for dislocations below the 
level of the dia])hragm. Local ane.s- 
thesia produced by the distention of 
the capsule with a i/i ^ per cent, 
procaine solution will at times abol- 
-20 
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ish reflex spasm and permit of a 
nearly painless reduction. The older 
surgeons produced relaxation hy 
emetics, such as tartar emetic, lo- 
belia, or enemas of tobacco. 

The choice of the method of reduc- 
tion depends upon the recognition of 
the obstacles to reduction. Aside 
from muscular oi)])osition, the usual 
obstacle is the resistance offered by 
untorn ligaments or portions of the 
capsule to movement in certain di- 
rections. Other obstacles are inter- 
position of the ligaments or muscles, 
and these may be of such a nature 
as to demand operative interference. 

The older methods of reduction by 
means of direct pressure on the head 
of the bone or traction by hand, by 
pulleys, or by electric force, have 
been, in great measure, superseded 
by the more scientific and practical 
method of reduction by manipulation, 
in which, by a succession of gentle 
movements, the head of the bone is 
brought opposite the tear in the cap- 
sule, the opening is enlarged by re- 
laxation of its sides, and the head of 
the bone slipped into place by lever- 
age on the untorn portions of the 
capsule and ligaments, aided, if need 
be, by traction and pressure on the 
bone. 

In old dislocations the manipula- 
tions useful in recent cases are much 
less likely to succeed, owing to the 
firm , adhesions binding the head of 
the bone in its new situation and the 
obliteration of the disused articular 
cavity. Moreover, strong traction 
may be required to overcome the 
contraction of the muscles. Inter- 
ference in such cases is unavoidably 
blind and uncertain, and involves 
much more extensive laceration than 
took place at the time of the original 


injury. So many accidents have fol- 
lowed attempted reduction by ma- 
nipulation in these cases that, if cau- 
tious manipulation fails to effect re- 
duction, it is better to leave the dis- 
location unreduced in the majority 
of cases, or, if the loss of function is 
so great as to induce the surgeon to 
run the risk, an o])en arthrotomy 
may be done with the hope of divid- 
ing the opposing structures, opening 
up the old socket, and replacing the 
dislocated bone. 

The accidents which follow ill- 
advised attem])ts at reduction are 
usually fracture of the bone or rup- 
ture of vessels, leading to hemor- 
rhage, gangrene, or aneurism. More 
rarely injury to large nerves has oc- 
curred, and even com])letc avulsion 
of a liml) has been recorded. 

In old dislocations, with contrac- 
tion, prolonged preliminary traction 
may be used to gradually stretch the 
shortened tissue and to permit re- 
duction with the least danger to the 
vessels and nerves. 

After-treatment. — After reduction 
the joint need usually be kept im- 
mobilized only a few days, and ex- 
cessive motions avoided for a few 
weeks. Some dislocations require 
special dressings (c.g., clavicle). 
Gentle passive motion should usu- 
ally be begun within at least three 
weeks to prevent adhesions. 

Habitual dislocations have been 
cured at the inner end of the clavicle 
by periarticular injections of alcohol 
(Stimson) and at the shoulder by in- 
jections of tincture of iodine. But 
this method of producing adhesions 
offers so grave risks of ankylosing 
the joint that in the more important 
joints it is advisable, if the tendency 
cannot be overcome by the prolonged 
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wearing of an immobilizing appara- 
tus, or one which allows only slight 
motion, to excise, or lake a “reef’* in, 
the lax portit)!! of the capsule, and 
to suture or reinforce stretched or 
torn ligaments. 

In the event of purulent infection. 
Willem's treatment by active move- 
ment is of great value. Free drain- 
age is obtained, but no foreign body 
introduced into the .synovial sac. 
Weight and pulley extension is ap- 
plied and the patient passively and 
actively made to move the joint free- 
ly every two hours. I'lie move- 
ment, at first painful, soon becomes 
])ractically ])ainless. The pus is 
forced from the synovial cavity by 
the movements, and the patient re- 
covers with a movable joint. Very 
free use of the joint is insisted upon 
after the third week. 

Positions to be Maintained When 
Ankylosis is Feared. — Much disabil- 
ity may be saved by keeping joints 
that may become ankylosed in the 
position of greatest usefulness. We 
are indebted to Robert Jones for 
studies of this subject. 

In the case of the shoulder joint, 
the arm should be treated in an ab- 
ducted position of about 50°, with 
the elbow slightly in front of the 
plane of the body. 

At the elbow joint, an angle of 
about 70° is the most useful po.sition, 
unless both elbows are involved, 
when one should be fixed at an an- 
gle of about 110° and the other at 
70°. 

In the forearm, the preferred po- 
sition is usually a neutral position 
between pronation and supination. 
For certain laborers, hv. wever, com- 
plete supination is desirable. 

At the wrist joint, all injuries 


should be treated in a pt)sition of 
dorsiflexion, which improves the 
grasp of the fingers. 

At the hip joint, ankylosis should 
be permitted only in very slight ab- 
duction, with the thigh extended and 
slightl}" rotated outward. 

At the knee, the joint should be 
fixed in an extended ])osition or at 
an angle of 70°. 

At the ankle, the foot should be 
kept at right angles with the leg and 
in a slightly varus position. The 
normal arches of the foot should be 
supported, and slight inversion should 
be maintained. 

CONGENITAL DISLOCA- 
TIONS. — Under this head are in- 
cluded all dislocations supposed to 
have existed at birth — although 
sometimes not diagnosticated for 
months or years. 

Congenital dislocations of the hip 
cover about 90 j)er cent, of all ca.ses. 
dliey arc more freciuent in females 
than in males. One or both joints 
may be involved. The typical cases 
are caused by a defective develop- 
ment of the Y-cartilage and acetabu- 
lum, which permits the influence of 
the weight of the body, or the con- 
traction of the muscles, to drag the 
head of the bone out of the socket 
on to the dorsum of the ilium. 

It is of great importance that con- 
genital dislocation of the hips be 
diagnosed early, as the best results 
can be obtained only in cases which 
are seen in the first 7 or 8 years of 
life. With the aid of Rontgen plates 
the diagnosis should not be difficult. 
The difficulty of reduction increases 
as the child’s age advances. It is gen- 
erally hard to reduce bilateral cases 
after the age of 6 and unilateral cases 
after 8 years, and reduction should 
not be attempted when the shorten- 
ing exceeds 2 inches. 
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The writer agrees with Ridlon that 
in the majority of cases the disloca- 
tion is superior and not posterior. In 
the superior dislocations the head 
can be felt in front on outward rota- 
tion of the limb and at the back on 
inward rotation; in the anterior type 
the head is felt in front but not in 
back on inward rotation; while in the 
posterior type the head can be felt 
at the back and not in front on out- 
ward rotation. Ridlon states that 
few of the anterior dislocations re- 
main in when replaced, while about 
75 per cent, of the superior disloca- 
tions remain secure when replaced. 
In bilateral dislocations perfect re- 
sults in both hips are obtained in 
about half of the cases. The chief 
difficulty in obtaining a successful re- 
duction is the shallow acetabulum. 
Packard (Colo. Med., xv, 138, 1918). 

After careful anatomical studies the 
writer found that the conditions in the 
fetal hip joint as term approaches 
greatly favor dislocation, the cramped 
position tending to force out the 
femoral head. At birth, great care 
should be taken to allow the child’s 
legs to straighten out spontaneously; 
forcible straightening at this time 
stretches the attachments and induces 
the clinical picture of dislocation. 
Harrenstein (Ned. Tijd. v. Gen., Nov. 
8, 1924). 

Pubic and obturator dislocations 
are very rare. As the child begins 
to walk the head is pushed farther 
upward until it is finally arrested 
and a new joint formed. The head 
of the bone is small and deformed 
and the real acetabulum largely ob- 
literated. Compensatory changes ap- 
pear in the pelvis, which is tilted for- 
ward, and the lumbar spine, which is 
curved forward. If one hip alone is 
involved, there is an additional lateral 
curvature, and the child limps; if both 
are involved, there is no limp, but 
the gait is peculiar. The tilting of 
the pelvis can be made to disappear 


by placing the child upon its back 
and flexing the thighs. 

The prognosis as to the ^utility of 
the limb is fair. The patient will 
probably be able to get about, and 
the deformity will grow no worse. 

Report of a commi.ssion on con- 
genital dislocation of the hip ap- 
pointed by the American Orthopedic 
Association. In 201 of 713 cases the 
right hip was involved; in 288, the 
left; and in 224, both hips. In 348, 
reduction had been effected by the 
Ridlon method, in 150 by the Lorenz 
method, in 80 with the Bradford 
machine, in 80 with the Hibbs table, 
and in 12 by open operation. The 
Lorenz position was used after re- 
duction in 188 cases, and the Lange 
position in 140. In some clinics the 
first cast remained in place for 4 
months; in others it was changed at 
1 month. Some clinics permitted 
walking early; others, not until the 
cast was left off. 

Among 156 patients over 6 years 
old, 54 were found to be in after 3 
years; 60, out; 13 marginal or an- 
terior; and 6 questionable. Among 
414 cases under 6 years old, in which 
521 hips were treated, 320 were in, 93 
out; 51 marginal or anterior, and 2 
questionable. The ratio of successful 
results in patients over 6 years of age 
thus appears to be 26 8 per cent, while 
for those under 6 it is 60.1 per cent. 
Goldthwait and Adams (Jour. Orthop. 
Surg., iii, 353, 1921). 

TREATMENT. — Palliative meas- 
ures should be resorted to in those 
cases which have reached adult life 
unrecognized or untreated. For this 
purpose an elevated sole to the shoe, 
or a corset stiffened by steel with a 
pad to limit the upward displacement 
of the trochanter may be used. 

Reduction by forcible manipula- 
tion, as perfected by Lorenz, is espe- 
cially applicable in children from 2 
to 7 years of age. Under anesthesia 
the leg is forcibly rotated outward 
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and inward, then abducted so that 
the thigh lies at right angles to the 
trunk in the flexed position. During 
this process the adductor muscles 
are forcibly massaged. Forcible flex- 
ion until the thigh touches the abdo- 
men is carried out. The child is then 
placed on its face and the leg hyper- 
extended and abducted. The force of 
these manipulatory movements must 
be sufficient to relax the muscles 
completely. The reduction is accom- 
plished by abduction, rotation, and 
flexion, as in the traumatic cases, and 
in favorable cases the head slips into 
the acetabular cavity with a click. 
After reductio*n a plaster spica band- 
age is applied with the limb in a 
position of right-angled flexion and 
abduction. After two weeks the 
cast may be cut away below the 
knee and the child allowed to walk. 
This bandage is removed in two or 
three months and the leg put in a 
less degree of flexion and abduction 
for three months longer. Fixation 
should be continued until the joint 
stability is assured, and usually con- 
sumes a period of from six months 
to a year. After the removal of the 
cast massage, active and passive 
movements, should be thoroughly 
carried out. 

Thft bloodless replacement usually 
called the “Lorenz operation” was 
used by the writer only to discard it. 

The writer^s method is as follows: 
The patient^s flexed knee is grasped 
and the thigh fully flexed on the 
body. The operator finds the greater 
trochanter, neck and head of the 
femur with the fingers of his other 
hand and places the thumb of that 
hand in front below the antero- 
superior spine of the ilium. The 
femoral head is then pushed down- 
ward to a position opposite the lower 
part of the rim of the socket. The 


thigh is abducted, while the opposite 
side of the pelvis is held firmly down 
by an assistant, and the head can be 
felt by the operator’s fingers and 
thumb passing forward and into the 
socket. 

When the limb has been placed in the 
most secure right-angled abduction 
position, the stockinette and sheet wad- 
ding are applied. With the patient’s 
body resting on a sacral and back rest, 
plaster bandages are applied to make 
the permanent plaster cast. It is neces- 
sary to extend the plaster down on the 
leg with the knee bent at right angles 
to prevent the thigh from rotating. 
Frequently but 1 cast is applied, which 
remains for 8 months. In older cases 
the first cast is removed at the end 
of 4 months, and after the legs are 
brought nearer together a new cast is 
put on; sometimes a third is applied. 

When the cast has finally been re- 
moved, the mother or nurse makes a 
gentle inward rotation and'^Stretching 
downward of the legs until, after 
daily efforts, the limbs are brought to- 
gether and the toes point directly for- 
ward. J. Ridlon (Surg. Clin., i, 271, 
1917). 

The writer modifies the Lorenz 
technique by substituting for the vio- 
lent manipulations gradual extension: 

(1) Application of extension in the 
lines of the legs as they rest in their 
deformed position. (2) Gradual ab- 
duction until the legs form with each 
other an angle of 180 degrees. (3) 
When the maximum abduction has 
been produced, digital manipulation 
of the heads of the femurs to drop 
them into place. (4) Maintenance 
throughout of the degree of rotation 
necessary to keep the toes pointing 
directly upward. (5) Gradual re- 
duction of the maximum abduction 
produced until the legs form with 
each other an angle of about 35 de- 
grees. (6) Application of a plaster 
cast from the waist to the knees. 
(7) Transmission of the body weight 
to the acctabula through the heads 
of the femurs by allowing the child 
to walk. J. W. Churchman (Surg., 
Gynec. and Obsteti, xxviii, 518, 1919). 
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The neck of the femur should be 
kept in a horizontal rather than a 
slantinfT^ position throughout treatment. 
In the first east the thigh should be 
flexed to Ijj right angles, in the 
second to 1, and in the third to I'j. 
Calot ( Bull, de TAcad. dc nied., Apr. 
20 , 1020 ). 

The writer uses a special lever- 
tractor to pull the head of the femur 
down into place. He also hollows out 
the acetabulum deeper and carves the 
femoral head to correspond. He finds 
the operation easier in adults, and re- 
currences less freciiient. Lambotte (Arch, 
franco-beiges de chir., Dec., 1921). 

Reduction should usually be manipu- 
lative. If it fails, the limb should be 
put in plaster in flexion, abduction, 
and outward rotation for 1 or 2 weeks, 
and another trial at reduction then 
made. If this also fails, another cast 
should be supplied and removed in 2 
weeks, the skin prepared for 4 days, 
and 'the hip opened for reduction. 
Direct reduction without preparatory 
stretching is indicated if the patient is 
between 3 and 4>2 years old and 
shortening does not exceed IK* inches. 
If the muscles give resistance, repeated 
stretching is necessary. In most cases 
fixation should be continuous for 7 to 
10 months. II. B. Thomas (Jour. 
Amer. Med. Assoc., Feb. 4, 1922). 

The writer generally uses the Lorenz 
method, though without following it 
strictly. The leg is retained in a spica 
at right angles for at least 6 months, 
and in older patients it is re-applied 
once or oftener with diminished ab- 
duction. Massage, exercise and passive 
stretching are carried out later for 
several months. If treatment is given 
by the third year of life, anatomical 
reduction should be obtained in 75 per 
cent, of unilateral and 50 per cent, of 
bilateral cases. Imperfect results should 
be followed by open operation to make 
a lip for the acetabulum without open- 
ing the joint. Fairbank (Brit. Jour, of 
Surg., July, 1922). 

For older cases or cases in which 
the above does not succeed, the open 
operation is indicated. 


Of the operations, that of Lorenz is 
a type. He makes a vertical antero- 
external .skin incision, divides the fas- 
cia lata transversely, separates the 
muscles, frees the bone by a cross-cut 
in the anterior surface of the capsule, 
gfouges out the old acetabulum, mak- 
a strongf upper rim to it, and re- 
places the bone by extension, aided by 
a traction a])paratus. Immobilization is 
replaced by passive motion at the end 
of four weeks, and the child begins 
to walk with assistance two weeks 
later. No further apparatus is used. 
In difficult cases Lorenz advises a 
preliminary course of two weeks’ ex- 
tension by a thirty-pound weight. 

The writer has devised a new opera- 
tive technique — the bifurcation method 
— for irreducible luxation of the hip, 
congenital or acquired. By a .slanting 
osteotomy of the femur, a new head is 
carved out on a level with the acetab- 
ulum, into which the new head is 
fitted. The upper end of the femur 
thus assumes a Y shape, and the leg 
is slightly shortened. 7'he operation 
can be carried out without exposing 
the joint, and is feasible at any age. 

In the sirnidcr cases of luxation, he 
prefers the inversion method, in which 
the adductors are stretched or severed, 
thus transforming the usual adduction 
into extreme abduction, drawing the 
ilium downward, affording bony sup- 
port to the greater trochanter, and 
throwing the weight of the body partly 
on the strong anterior portion of 
the ligamentary apparatus. Lorenz 
(Nederl. Tijd. v. Gen., May 26, 1923). 

The anterior knee dislocations are 
easily reduced, and a good functional 
result may be predicted. 

SPECIAL DISLOCATIONS. 

Dislocations of the Lower Jaw. — 

The dislocations may be single or 
double. Upward or backward dislo- 
cations are very rare. In the former 
the condyle is driven through the base 
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of the skull ; in the latter, back 
through the anterior wall of the ex- 
ternal auditory meatus. 

Forzmrd Dislocations , — The lower 
jaw projects forward, the mouth cannot 
be closed, the condyles may be seen and 
felt in front of the eminentia articu- 
laris. The glenoid fossa is empty. In 
unilateral dislocations the chin is devi- 
ated to the opposite side. The pain is 
usually not great. 

The usual cause of forward disloca- 
tions is a wide opening of the mouth in 
yawning, laughing, or introducing some 
large object. It is more frequent in 
women than in men. When the mouth 
is wide open the external lateral liga- 
ment is relaxed and the external ptery- 
goid muscle draws the condyle, and the 
interarticular cartilage with it, well for- 
ward on the eminentia articularis. A 
slight overaction of this muscle car- 
ries the condyle over the summit, and 
is then held by the balance of forces 
between the muscles pulling upward 
and forward and the external lateral 
ligament pulling upward and back- 
ward. The interarticular cartilage 
accompanies the condyle, at least part 
of the way. The capsule is not torn. 

Reduction is accomplished by open- 
ing the mouth more widely to relax 
the ligament and then pressing the 
condyle backward and then a little 
downward. A fairly successful method 
is by grasping the jaw on cither side 
with the padded thumbs on the mo- 
lar teeth and the fingers under the 
jaw outside. As the jaw snaps 1>ack 
the thumbs must be quickly slipped 
into the hollow of the cheeks to avoid 
being bitten. Reduction of one vside 
at a time is sometimes easier. A 
square, notched stick of ^vood, placed 
well back between the molars and 
rotated as the chin is pushed up and 


back, avoids injury to the operator’s 
thumbs. Anesthesia may be required 
to overcome the contraction of the 
muscles. 

Not infrequently this dislocation 
tends to become hal)itual. To over- 
come this the meniscus may be su- 
tured in place, or, which is easier, 
the hy]>odermic injection of 1 or 2 
c.c. of 80 per cent, alcohol or of 10 
to 20 minims of tincture of iodine 
given a trial. 

Recurrent dislocation of the jaw oc- 
curs infrequently. It is a painful and 
disahlin^.^ condition and tends to f*row 
worse. Tlie coronoid process or the 
insertion of the tcnif)oral muscle into 
it should he tied up to the anterior 
part of the zyj^omatic arch, with sil- 
ver wire or with slowly absorbable 
suture material. The operation is 
less difficult than attack on the tem- 
poromaxdlary joint, docs not injure 
important structures, and the scar is 
not disligurinp. The result should 
be 1(X) per cent, success. J. B. Blake 
(Trans. Amer. Surg. Assoc., June, 
1918). 

Report of a case of recurrent uni- 
lateral sul)luxation of the jaw in a 
j^irl of 16 years, in which the X-rays 
showed tliat the mandible rode for- 
ward on the maxilla. At operation 
the masseter muscle was detached 
subperiosteally and a small triangu- 
lar flap of skin and muscle turned 
down. The cartilage, loosely at- 
tached, was caught in a tenaculum 
and removed from the condyle with 
scissors. The patient had no further 
trouble. A. P. C. Ash hurst (Annals 
of Surg., Ixxiii, 712, 1921). 

Dislocations of the Spine. — Itx- 
cept in the cervical region, disloca- 
tions of the spine are usually associ- 
ated with fracture (fracture disloca- 
tions). (See Fractures, in this vol- 
ume). 

Dislocations of the occiput from 
the atlas and of the atlas from the 
axis may be unilateral or bilateral. In 
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unilateral dislocations, there is lat- 
eral deviation of the chin, and in all 
cases movements of the head and 
neck are restricted and painful and 
the head is usually held in an ab- 
normal position. 

fOf three cases ef unilateral dislocation 
of the atlas without cord syiiii)tonis, ob- 
served personally in st)ldicrs, two followed 
falls iii)on the head, and one the inani])u- 
lation of the head incident to tonsillec- 
tomy under local anesthesia. W. Wavnk 
Babcock]. 

The diagnosis is made by the pain- 
ful fixation and position of the head 
and neck, the deviation of the cer- 
vical spines, alterations in the rela- 
tion of the cervical bodies felt 
through the mouth, and in particular, 
carefully made roentgenograms. Dis- 
location of the odontoid process from 
behind its ligament, which the hang- 
man aims to produce in legal execu- 
tion, is instantly fatal from jiressure 
on the medulla. 

The treatment should consist of 
early attem])ts at reduction, with 
roentgenograms as a guide, by cau- 
tious extension, angulation to unlock 
the vertebra upon one side, and ro- 
tation, With fracture of the odontoid 
process, manipulation may be very 
dangerous. 0])erative reduction may 
be very difficult and in certain cases 
may properly be limited to the re- 
moval of sufficient bone to relieve 
pressure. 

Laceration of the medulla, with or 
without fracture of the odontoid 
process, causes instant death in most 
cases. 

Two cases in soldiers who showed 
immediate quadriplegia, the one after 
dislocation of the atlas and axis with 
fracture of the odontoid process, the 
other following backward luxation 
of the fourth cervical vertebra. The 
second case developed sphincter dis- 


turbances. After a period of spinal 
coma, lasting 6 weeks in the first pa- 
tient and 4 months in the second, the 
quadriplegia underwent retrogression 
in a crossed manner, return of motion 
taking place simultaneously in the 
upper extremity of one side and the 
lower extremity of the other. Ten 
months after the injury motor re- 
cuperation was almost complete in 
both cases, the first patient still 
showing traces of left sided hemi- 
plegia and distinct hyperesthesia in 
the great occipital distribution, the 
second a right sided brachial mono- 
plegia and hyperesthesia of the tliird 
cervical. Roussy and Cornil (Presse 
mcd., Aiay 13, 1918). 

Stress laid on partial deviations of 
the cervical vertebra', due usually to 
direct injuries of the head or neck, 
or to falls. Incomplete luxations of 
the cervical vertebrtT are much more 
frequent than is believed. Pain, stiff- 
ness, and inability to move the head 
arc frequent symptoms. As a rule the 
displacement may be reduced almost 
or quite painlessly by appropriate 
movements. C. F. Cyriax (Jour, de 
Chir., XV, 457, 1919). 

In a case of fracture dislocation of 
the third cervical vertebra treated by 
the writer, head traction with a 0- 
pound weight w\as api)lied night and 
day for 3 days, and judicious manipu- 
lation in the proper direction then 
made. The patient had a remarkably 
good return of function, having only 
slight limitation in rotation and lateral 
bending of the head. Goddu (Boston 
Med. and Surg. Jour., Feb. 17, 1921). 

Dislocation of the Lower Cervical 
Vertebrae. — This may be double or 
single, complete or incomplete, for- 
ward or backward, or bilateral in op- 
posite directions. If the dislocation 
is unilateral (forward), the head is 
turned to the opposite side, on which 
side the muscles are contracted. On 
the side of the dislocation the dislo- 
cated bone may be felt, and its spin- 
ous process is deflected toward that 
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side. In bilateral forward dislocations 
the head may be bent far forward and 
the dislocated bone (usually the fifth) 
felt in the back of the neck, or the 
head may be extended and the bone 
palpable within the pharynx. The 
symptoms depend upon the amount 
of injury to the cord. Damaci-c to the 
cord above the third cervical vertebra 
causes death by cutting off the phrenic 
nerves. I^elow this point the result 
will be a paralysis more or less dur- 
able according to the nature of the 
lesion. 

The mechanism of the unilateral 
forward and l)ilateral dislocations 
in opposite directions is abduction 
(lateral flexion) and rotation, by 
Avhich the inferior articular process of 
the upper vertebra is lifted over tlie 
superior process of the lower one. 
Bilateral forward dislocations are 
caused by hyperflexion; backward, by 
hyperextension and direct pressure. 

Treatment , — Reduction should be 
attempted at once. Ihiilatcral disloca- 
tions arc to be reduced in the way 
they were i)roduced, i.e., by increased 
abduction and traction (to free the 
edge of the process), followed by ad- 
duction and rotation, aided by direct 
manipulation, so as to lift the disar- 
ticulated bone back into place. 

Traction and local pressure have 
proved effectual in the reduction of 
bilateral d i si ocati on s. 

After the reduction the patient 
should be kept quiet for some weeks. 
A plaster-of-Paris splint for head and 
neck is advisable. 

Two cases of dislocation of cervical 
vertebrae reduced manually without 
anesthesia. One case was a disloca- 
tion of the fifth cervical, rotatory in 
type, the left side having moved for- 
ward, the right side slightly back- 
ward. Placing the patient in a sitting 


position in bed, grasping the head be- 
neath the occiput and chin, the writer 
was enabled, by forcible extension 
which nearly lifted the patient’s whole 
body weight, to make rotation and 
correct the deformity. A very slight 
jar was perceptible when the head was 
released; it returned to its former de- 
formed position, without any snap- 
ping sound or subjective sensation, 
and without increased pain. A month 
afterward a plaster-of-Paris encase- 
ment was applied to hold the Head in a 
slightly overcorrected position with 
.sonic extension. Speed (Annals of 
Surg., Dec., 1917). 

These means failing, if there seems 
any hope of recovery by removing the 
pressure from the cord, the disloca- 
tion sliould be cut down upon asep- 
tically and an attempt made to reduce 
it ])y removing such ligamentous or 
bony ob.stacles as may exist. 

Dislocations of the Sternum. — Dis- 
locations, forward or backward, of the 
body from the manulirium are usually 
accompanied by serious interference 
with respiration and circulation. From 
fracture the diagnosis is made by find- 
ing the second costal cartilages at- 
tached to tlie manubrium and torn 
from their articulation with the body. 
Inasmuch as the injury is due to great 
violence, direct or indirect, the asso- 
ciated injuries play a large ])art in the 
prognosis. Reduction is effected by 
dorsal flexion and direct pressure. 

Dislocations of the ensiform proc- 
ess are a tilting^ cither forward or 
backward. The symptoms are pain 
and persistent vomiting. Pressure 
with fingers or a sharp hook passed 
beneath the skin will yield reduction, 
or the process may be excised. 

Dislocations of the Ribs and Costal 
Cartilages. — The ribs may be dislo- 
cated forward from the spine or for- 
ward or backward from each other 
or from their costal cartilages. The 
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cartilages may be dislocated from the 
sternum. 

The sym])loms and treatment are 
the same as of fracture of the ribs: 
Reduction, followed by the applica- 
tion of a tight ])and of adhesive plas- 
ter three-fourths of the distance 
around the chest. Chondrosternal 
dislocations usually recur. 

Dislocations of the Inner End of 
the Clavicle. — The clavicle may be 



Flfir. 3.— Adhesive-plaster dresslngf for upward 
dislocation of acromial end of clavicle. American 
Textrbook of Surgery,**) 

dislocated forward, backward, or up- 
ward, in this order of frequency. 

Forward dislocation may be com- 
plete or incomplete. The head of the 
bone is prominent and may be dis- 
placed inward. The shoulder sinks 
downward and inward. The arm is 
useless. There is local pain. This 
dislocation is usually caused by a 
forcible depression and pushing back- 
ward of the shoulder, by which the 
center of the clavicle comes to rest 
on the first rib, and on it as a ful- 
crum the inner end is pried upward 


and forward. By pulling the shoul- 
der upward and backward and press- 
ing on the dislocated bone reduction 
is effected ; but retention is often 
difficult. Dorsal decubitus with the 
shoulder pressed forward may prove 
effective or may be reinforced by 
direct pressure by a molded plaster- 
of-Paris sjdint, a hernial truss, or a 
pad retained in position by adhesive 
])laster, or a figure-of-8 bandage, 
crossing in front. If all precautions 
fail and the dislocation becomes 
habitual, 2 or 3 biweekly alcohol in- 
jections with immobilization may be 
tried, the capsule exposed and short- 
ened, or ligation or wiring used. 

Backward dislocations may be 
either complete or incom])lete. The 
head of the bone ])asses backward 
and may compress any of the im- 
portant structures at the root of the 
neck. This dislocation may be caused 
by direct violence or by forcing the 
shoulder forward and inward. Re- 
duction is effected and maintained 
by drawing the shoulder backward 
and outward and retaining it in that 
position. 

Upward dislocation is caused by 
depression of the shoulder. The head 
of the bone rests on the episternal 
notch, having passed behind the 
sternal head of the sternomastoid. 
Reduction is made by drawing the 
shoulder upward and outward and 
pressing the head of the bone down. 
Here, again, retention is difficult, 
and wiring or suturing are proced- 
ures which may be considered. 

Dislocations of the Outer End of 
the Clavicle. — The usual variety is 
upward or upward and outward. 
Rarely a subacromial dislocation oc- 
curs. The so-called subcoracoid dis- 
locations are probably mythical. 
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Upzvard Dislocation . — The acromial 
end of the clavicle rises more or less 
above the acromion, and may be dis- 
placed outward over it. There is fre- 
quently fracture of the articular edges. 
The usual cause is a blow on the shoul- 
der. Reduction is easy; retention, diffi- 
cult. Non-reduction causes almost 
no loss of function and but little 
deformity. Stimson’s retention dress- 
ing is recommended for its simplicity 
and efficiency (Fig. 3). A long strip 
of adhesive plaster three inches in 
width is placed with its center under 
the point of the flexed elbow and its 
ends carried up in front of and behind 
the arm, crossing over the end of the 
clavicle, and secured to the front and 
back of the chest, respectively, while 
the bone is held in place ])y pressure 
upon the clavicle and elbow. 

Recurrence can be readily detected 
through the plaster. For additional 
security the forearm should be supported 
in a sling, and the arm bound to the 
chest. 

Subacromial Dislocations. — A few 
cases arc recorded in which the outer 
end of the clavicle was forced down and 
caught under the acromion. Direct vio- 
lence and muscular action are the re- 
corded causes. Reduction was easy by 
drawing the shoulder outward, and there 
was tendency to recurrence in only one 
case. 

Dislocations of the Shoulder. — 

These dislocations are as numerous as 
all other dislocations taken together. 
They are rare in youth and old age, and 
more frequent in men than in women. 
This frequency is explicable by the ex- 
posure of the joint to trauma and its 
conformation. The glenoid cavity cov- 
ers such a small part of the head of the 
humerus that, in extreme degrees of ab- 
duction, extension, or flexion, any force 


transmitted through the shaft of the 
bone is applied obliquely in the bony 
surface and directly on the capsule of 
the joint, through which the head of the 
bone is then forced. 

Varieties. — PV)ur divisions may be 
made according the direction in which 
the head of the bone leaves the socket, 
and these subdivided according to the 
point at which it comes to rest, or ac- 
cording to the position of the limb, as 
follows : — 

( Subcoracoid (most common). 
Anterior ^ Intracoracoid (exceptional). 

( Subclavicular. 

f Subglenoid (uncommon). 
Downward.. } Erecta (very rare). 

Subtricipital. 

^ . ( Subacromial (rare). 

j Subspinous (very rare). 

I'pw'ard Sujiraglenoid (very rare). 

Ill the anterior dislocations the dis- 
placement is also more or less down- 
ward (and, of course, inward), and in 
the downward ones it is usually also 
forward and inward. Thus, the two 
classes merge into each other. The term 
“subglenoid’' is restricted to those cases 
in which the head of the bone is very 
low, others of this class being called 
“subcoracoid.” Tlie accompanying fig- 
ure (Fig. 4) will demonstrate the dif- 
ferent positions assumed by the head of 
the bone in the anterior-and-downward 
dislocation. 

Anterior Dislocations . — The sulj<livi- 
sions of this variety are dependent on 
the increasing amount of inward dis- 
placement of the head of the bone, and 
grow less frequent in the same order; 
namely, subcoracoid, intracoracoid, and 
subclavicular. 

Subcoracoid . — The head of the hu- 
merus lies beneath the coracoid process, 
in contact with it or at a variable dis- 
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tancc — a finder’s ])rea(lth at most — be- felt, will not participate in movements 
low it. The head may be displaced in- imparted to the shaft, and crepitus 
ward until three-fourths of its diameter can usually be elicited. 


lies to the inner side of the process 
(farther inward would be intracora- 
coid) or it may be simply balanced on 
the anterior ed^e of the j^lenoid fossa. 
The elbow haiyi^s away from the side 
and the deltoid fullness of the shoul- 
der is lost (Fij^. 5). The axis of the 
humerus is seen to pass to the inner 
side of the ^q-lenoid fossa, and palpa- 
tion reveals the absence of the usual 
bony resistance below the outer side 


In several cases the writer trans- 
planted a strip of bone, periosteum- 
covered and 2 to 2.5 by 4 to 5 cm. in 
size, from the tibia under the loosened 
periosteum at the anterior glenoid 
margin so that it extended 0.5 to 1 cm. 
beyond the preexisting socket. In 2 
cases in which 3 years had elapsed 
there was no recurrence. R. Kdcii 
(Zentr. f. Chir., Aug. 14, 1920). 

. A portion of muscle from the pos- 
terior border of the deltoid may be de- 
tached and insinuated through the 



Fig. 4.— To show the range of positions that may be taken by the head of the hnmerUvS after 
primary displacement forward or downward in any of the directions between the arrows. {Stimson, 
** Jhsltnatiofis”) 


of the acromion, and the presence of 
an abnormal resistance below the 
coracoid process, or in the axilla, 
which partakes of rotary movements 
communicated to the arm. Voluntary 
movement is usually lost. Passively 
the arm can be abducted, but not so 
adducted that the elbow can touch the 
chest and the fingers rest on the o])p()- 
site shoulder. Measurement in abduc- 
tion shows shortening. 

The diagnosis is usually easily made 
by finding the glenoid cavity cmjity, the 
head of the hone beneath the coracoid, 
and by eliciting the above-mentioned 
sign. If there be fracture of the ana- 
tomical neck the head, if it can be 


quadrilateral space to an attachment at 
the coracoid process. Its nerve supply 
is retained, and in the danger po.sition 
it actively supi)orts the threatened cap- 
sule. A. Gibson (Can. Med. Assoc. 
Jour., Mar., 1921). 

The writer reports 22 successful re- 
sults out .of 24 cases of habitual dislo- 
cation treated by the capsule operation. 
T. T. Thomas (Surg., Gynec. and 
Obst., Apr., 1921). 

In the reduction of shoulder disloca- 
tion the writer first binds the recum- 
bent patient’s chest to the table with 
a towel, then raises the humerus 
vertically with his right hand, mean- 
while manipulating the head of the 
bone into place with his left thumb 
on the head in the axilla. Malis 
(Arch. f. klin. Chin, May 10, 1924). 
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The author has the patient lie on his 
side, with the arm hanj^in^ down and 
the head supported hy an assistant. 
After allowing 2 or 3 minutes for the 
muscles to relax, he flexes the pa- 
tient’s elbow to a right angle, and 
makes downward pressure on the 
forearm with both hands, first rotat- 
ing the arm outward and then inward. 
With a folded clotli under the scap- 
ula, the latter is held firm liy the edge 
of the table, and reduction takes place 
quickly and easily. A little morphine 



Fig. 5. — Subcoraetjid diblocation of the left 
shoulder. (.S7//;/i^m, “ I)ii>lo(:atron'^.") 


assists in the reduction. J^shaiielidze 
(Arch. f. klin. Chir., Aug. 1924). 

In recurrent dislocation, changes 
usually occur in the bone. X-ray find- 
ings afford a reliable and ade<iuatc 
picture of the bone conditions. Pilz 
(Arch. f. klin. Chir., Apr. 2, 1925). 

Causes. — Direct violence, by a blow 
upon the shoulder; indirect, as by a 
fall upon the hand ; by leverag^e in 
forcible abduction and outward rota- 
tion ; or by muscular action in any of 
the above ways. 

Pathology. — The capsule is torn at 
its inner and lower portion, or, more 
rarely, stripped up, and with it may be 


torn the circumflex nerve, the posterior 
circumflex artery, and subscapularis 
(Fig. 6). In “typical’* cases the outer 
and upper portions of the capsule re- 
main untorn and aid in determining the 
abduction. The supraspinatus, infraspi- 
natus, and teres minor may be torn 
away (in decreasing order of fre- 
(juency) from the greater tuberosity, 
i)T there may be avulsion of more or 
less of the tuberosity itself. With 
avulsion of the tuberosity the tendon 
of the long head of the l)ice])s may 
slip to the outer side of the bone and 
oppose reduction (rarely). This ten- 
don may also be torn. The head of 
the humerus may be bruised and 
ground by im])act upon tlie glenoid 
margin, which, in turn, is s] >1 inter cd. 

Treatment. — In uncom])licated cases 
reduction is usually easy by Kocher’s 
method, as follows: — 

The elbow is flexed to a right angle 
and pressed closely to the side ; then the 
forearm is turned as far as possible 
away from the trunk — external rota- 
tion of the arm (Fig. 7). Maintaining 
the external rotation, the elbow is car- 
ried well forward and upward — flexion 
of the arm (Fig. 8) — and, finally, the 
hand swept over until it touches the 
chest — inward rotation (Fig. 9), — the 
elbow being simultaneously lowered. 
Anesthetics may or may not be neces- 
sary. If, after the “first movement,” 
the head does not roll out in front of 
and below the acromion, the attempt 
will fail. Direct manijmlation of the 
head may be of assistance. 

If Kocher’s method fails, traction 
downward and outward (never upward 
and outward, on account of the danger 
of lacerating the vessels) should be 
tried. After a long, steady pull, manual 
or elastic, the muscles may yield and 
allow the head of the bone to be pushed 
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back into place. Or, after a few mo- 
ments of traction, the arm is forcibly 
adducted over the closed fist in the 
axilla (this is safer than the heel). 
If anesthetics are used, all of these 
forcible measures should be executed 
very cautiously. 

The writer, in applying Kocher’s 
method, dispenses entirely with the 
carrying of the hand toward the sound 
shoulder. The head of the humerus 
returns to the glenoid cavity during 


Recent dislocations of the shoulder- 
joint can, as a rule, be reduced by the 
Kocher method or by direct trac- 
tion; yet in certain unusual cases 
these methods fail. In 12 such cases, 
among which were several of long 
duration, the following method was 
successfully used by the author: A 
towel is looped around the inner side 
of the arm, just below the axillary 
folds, so that the free ends pass out 
at right angles to the long axis of the 
body. The patient is anesthetized, 



FiR. 6.— Suocoracoid dislocation on a cadaver, showing rupture of lower part of sub.scapularis. 
(/?. Avxer, in Stttmons DnlMa/wm.") 


the preceding movement, that of the 
elbow. This movement should be 
carried out slowly, and brought to a 
stop at the point when maximal re- 
sistance is offered. Soon a slight jolt 
is felt, which signifies that the head 
• has re-entered the glenoid fossa. An 
essential point consists in manipulat- 
ing gently, to avoid causing pain and 
consequent firm contraction of the 
muscles. The patient should prefer- 
ably be kept ignorant of the fact that 
reduction is about to be performed, 
voluntary resistance being thereby 
eliminated. M. G. Gallois (Bull. 
m6d., Dec. 11, 1909). 


an assistant grasps the forearm on 
the injured side and applies exten- 
sion strongly, parallel to the long 
axis of the patient’s body. Simul- 
taneously, the anesthetist makes counter- 
extension with his fingers in the axillre, 
while the surgeon pulls the free end of 
the loop outwardly. P. Turner (Pract., 
ci, 75, 1918). 

The usual treatment of dislocation 
of the shoulder by fixation of the arm 
to the side is irrational and unsuccess- 
ful, resulting in limitation of abduc- 
tion and osteoarthritis. In rectangu- 
lar abduction the rent in the capsule 
is closely coaptated, whereas in ad- 
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duction the capsule is crowded to- 
gether in a crinkly lump and coheres 
in that position. The arm is no more 
likely to rcdislocate when placed in 
abduction than when tied to the side, 
and the resulting movements are 
much better and are obtained much 
more quickly and less painfully. All 
patients treated by abduction were able 
to raise the arms well above the head. 
A. H. Todd (Pract., Mar., 1920). 

Prolonged traction upon the ab- 
ducted arm, the patient lying upon 
the opposite side (Malgaigne), or 
with the body horizontal and the arm 
dependent (Stimson), as in P'ig. 10, 
will, in a recent aise, often cause 
reduction in a few minutes. 

If judicious attempts at reduction 
by these methods fail, even under 
anesthesia, an open arthrotomy should 
be done for the purpose of discover- 
ing and removing the obstacle. 

In intracoracoid dislocations the 
head is displaced farther inward and 



Fifif. 7. — Kocher’B method of reduction by 
manipulation. First movement, out*vard rotation. 
(Veppit ** American Text-hook of Surgery. 


the symptoms are those of the sub- 
coracoid, except that the head of the 
humerus is felt farther displaced and 
the shoulder is more flattened. The 
arm may be fixed in horizontal abduc- 
tion. The cause of this particular dis-n^ 
location is, as a rule, an unusual 


amount of laceration of the capsule 
and subscapularis, which allows the 
head of the bone to pass farther in- 
ward. K eduction by outw^ard trac- 
tion is easy unless the subscapularis 
or torn capsule intervene. In such 
cases operation is the only recourse. 



Figr. 8.— Kocher’s method of reduction. Sec- 
ond movement, «,ic'’atlon of elbow. (Oepyi, **Amer» 
ican Text-hook of Surgery.**) 


Nothing is worse for a shoulder 
luxation than immobilization in the 
usual sling, and the writer advises 
immediate massage and movement of 
the joint, which should never be de- 
layed beyond twenty-four hours. 
Yvert (Presse nxed., June 17, 1911). 

The writer seizes with his right 
hand the hand of the dislocated mem- 
ber, which is thrown about the opera- 
tor’s neck and with the free left hand 
directs without difficulty the head of 
the humerus, extending, counterex- 
tending, and reducing at will. The 
operator is thus able to apply ex- 
tension, counter-extension or reduc- 
tion and needs no assistant. Angel- 
vin (Semaine med., March 20, 1912). 

In subclavicular dislocations the 
same forces acting more energetically 
force the head of the bone farther in. 

Downward dislocations include all 
cases in which the head of, the bone lies 
below the glenoid fossa. In subtricipital 
dislocation, of which one case is re- 
corded, the head of the humerus was 
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displaced secondarily backward and up- 
ward behind the long head of the 
triceps. 

Subglenoid Dislocations , — The symp- 
toms arc those of subcoracoid disloca- 
tion ; but abduction and flattening of 
the shoulder more marked. The head 
of the bone is pal})able below its socket. 
The U])pcr part of the greater tuberosity 
is habitually torn away, d'hc usual cause 
is forcil)le a])duction followed by rota- 
tion or impulsion. 

The treatment indicated here is 
traction in moderate al)duction with 
direct pressure. 

Ltixotio Erccta . — Very rarely, by 
forcible elevation of the arm, the head 
of the bone is displaced so far down- 
ward that the extremity maintains its 
erect position. It is reduced by up- 
ward traction until the head falls into 
place. 



Fiff. 9.--Kocher*s method of reduction. Third 
movement, inward rotation andlowerlnsr of elbow 
iOeppi, "American Text-book of Surgery, ’*) 

Posterior Dislocations , — The two va- 
rieties differ only in the extent of dis- 
placement. 

Symptoms , — The arm is adducted and 
rotated in, the elbow being directed 
slightly forward. The shoulder is flat 


in front and full behind (where the 
head of the bone may be felt). Pass- 
ive motion is restricted; voluntary 
motions absent. 



Pig:. 10.— Reduction of anterior dislocation of 
the shoulder. {Sttmson.) 


The cause is direct pressure outward 
and backward, or the pressure exerted 
in the same direction along the adducted 
and inward-rotated humerus. 

The outer side of the capsule is torn 
and the external and internal scapular 
muscles more or less lacerated or 
avulsed with fragments of the tuber- 
osities. The head of the bone lies on 
the outer edge of the glenoid fossa, or 
farther back beneath the spine of the 
scapula, or on the infraspinatus. 

Treatment , — Reduction is accom- 
plished by traction and direct pressure 
forward. Avulsion of the subscapularis 
makes recurrence probable. Unreduced 
dislocations backward are accompanied 
by an unusual amount of disability. 

Upward Dislocations , — These are ex- 
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tremely rare. The head of the bone is 
forced upward between the coracoid and 
acromion, usually to above the clavicle. 
The arm is almost immobilized in ad- 
duction and slight extension. Reduction 
may be effected by downward traction. 

Complications of Dislocations of the 
Shoulder , — Compound dislocations are 
very rare, and are commonly caused by 
direct violence. The skin wound is usu- 
ally in the axilla. Aside from complica- 
tions which may exist not dependent on 
the dislocjition, the great dangers are 
from laceration of the main arteries 
(frequent) or nerves (unusual) and 
from sup])uration. The treatment con- 
sists of enlarging the wound until the 
extent of damage can be fully appre- 
ciated and, as far as possible, repaired. 
Meanwhile the wound should be thor- 
oughly irrigated with '‘normal” salt 
solution. The dislocation may now be 
easily reduced. In most cases thorough 
drainage should be provided for, and in 
some cases it may be advis^ible to excise 
the head of the humerus to this end to 
o])pose ankylosis. 

Fractures of the various bony promi- 
nences of the scapula and humerus have 
commonly a purely ])athological impor- 
tance. rVacturcs of the anatomical or 
surgical neck of the humerus are impor- 
tant, but often difficult to diagnose with- 
out the aid of the X-ray, which should 
always be invoked. The diagnostic 
points of fracture of the anatomical 
neck are the recognition of the head 
in the axilla and its failure to move 
with the shaft, the maintenance of 
nearly normal range of motion, and 
the normal position of the greater 
tuberosity. Crepitus may sometimes 
be elicited. In fracture of the surgical 
neck the signs are quite the same, ex- 
cept that the tuberosity is displaced 
with the head, and, with it, fails to 


move with the shaft, and crei)itus is 
(inorc easil}^ elicited. In either case 
the upj^er fragment may be reducible 
by direct maniinilation. This failing, 
if the fragments can be approximated, 
the arm may be immobilized for 
three or four weeks in an approjiriate 
position with the hope of obtaining 
union and effecting rcfluction at the end 
of that time by mani])ulation. Ihit the 
better plan is probably to do an open 
arthrotomy and remove the upper 
fragment, except in such fractures of 
the surgical neck as can be reduced, 
and to this end the use of a strong 
right-angled hook inserted into a hole 
drilled at the lower end of the up])er 
fragment may be of great service 
(McRurney). The metal skid of 
Kocher is of the greatest value for 
sliding and guiding the articular head 
into its socket Or a fairly useful false 
joint may sometimes be obtained at 
tbe point of fracture. 

Injuries to Vessels and Nerves. — 
The axillary itself is very rarely rup- 
tured, and, hence the radial pulse may 
])crsist, even though there be serious 
damage to the smaller arteries about 
the joint. This damage is usually 
due to ill-advised attempts at reduc- 
tion, and is recognized by the rapid 
extravasation of blood down the arm 
and into the axilla. Treatment is by 
pressure, ligature of the axillary at 
the ru])turc or of the subclavian, or 
disarticulation at the shoulder. The 
mortality is very high. The circum- 
flex nerve is sometimes torn, with a 
resulting temporary or ])ermanent dis- 
ability of the deltoid and anesthesia 
of the shoulder. 

Treatment of Old Unreduced Dis- 
locations. — If the dislocation cannot be 
reduced after loosening adhesions by 
forcible (yet judicious) rotation and 
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traction, operation is advisable for re- 
duction by division of the soft parts, or 
for excision of the head of the bone. A' 
very serviceable joint may be obtained 
by the latter method ; but as the line of 
division of the bone runs below the 
tuberosities, rotation is practically lost. 

On examining 32 cases of fresh and 
old dislocations of the shoiilder-joint 
with their X-ray plates, the writer 
noted that the most common com- 
plication was a fracture or stripping 
off of the greater tuberosity. Out of 
these cases 19 showed a fracture of 
the greater tu])erosity and 3, fractures 
through the anatomical neck. The 
treatment is not always easy, be- 
cause of the marked obstruction to 
motion. The X-ray is of the utmost 
importance in determining between 
simi)le dislocation or dislocation with 
fracture. The operative cases are 
those in which a large fragment is 
torn off and displaced so that the 
normal position of the arm will not 
reduce thj fragment to a point near 
that from which it was detached. In 
such a case the fragment is reduced 
by open operation and held in place 
by ordinary wire nails. Smaller frag- 
ments which are torn off and carried 
into the joint, where they offer ob- 
struction to motion, are removed by- 
open operation. Exostoses which 
form as a result of stripping of the 
periosteum are also removed as 
above. In all cases where an opera- 
tion ’ ns been performed for removal 
of obstruction to the outward and up- 
ward motion the arm is put up as 
high as possible and retained in this 
position by a plaster cast, which 
should be cut at the end of 2^2 to 3 
weeks, when the patient should re- 
ceive a slight amount of passive 
motion. F. F. Henderson (Boston Med. 
and Surg. Jour., O 18, 1917). 

Habitual or recurrent dislocations 
jmay result from an avulsion of the 
greater or lesser tuberosities in the 
tearing of the muscles from their pro- 
cesses; from fractures involving the 
glenoid cavity, or from relaxation of 


the capsule and ligamentous structure. 
The treatment consists in: (1) Re- 
attaching the divided muscular tendons 
or Ixmy processes by suture or by 
metal, bone or ivory nails; (2) deep- 
ening the glenoid cavity and flattening 
it by removing part of its posterior 
edge (Hildebrand); (3) transplanting 
muscles {c.g., a pectoralis major flap) 
to give added support, and (4) reefing 
the capsule or stimulating the forma- 
tion of adhesions by packing the wound 
down to an opening in the capsule 
(Thomas). 

In recurrent dislocations of the 
shoulder capsulorrhaphy is curative 
in most cases. An extreme measure, 
which would be justifiable only after 
the failure of other methods, is the 
making of an arthrodesis with anky- 
losis of the humeral head to the scap- 
ula with the arm at a right angle. 
Resection of the head of the humerus 
is unjustifiable. In capsulorrhaphy 
the capsule is exposed by an incision 
along the anterior axillary fold with 
the arm in abduction, the pectoralis 
major is retracted strongly, and the 
capsule is reached below the tendon 
of the subscapularis. The capsule is 
incised and three or four fold No. 2 
chromic gut mattress sutures arc 
placed so that their tightening will 
make the two cut edges overlap. To 
aid in the overlapping the arm is 
rotated and the sutures are drawn up 
and tied. M. S. Henderson (Jour. Amer. 
Med. Assoc., Jan. 5, 1918). 

Description of a new method used 
successfully in 5 cases. A suspensory 
ligament of fascia lata or silk is passed 
through a drill hole close to the head 
of the humerus from before backward, 
emerging posteriorly through the greater 
tuberosity. The posterior end is 
passed under the deltoid muscle, up 
anteriorly to the outer end of the 
clavicle, then over and behind it, and 
finally down to the starting point. 
The fascial ligament is drawn tight 
with the arm at an angle of 45 degrees, 
the ends being overlapped and sutured. 
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The arm is supported by a sling and 
kept at rest for 6 weeks. T. L. Sandcs 
(Brit. Med.. Jour., ii, 321, 1921). 

The writer cither introduces a bone 
graft between the tip and base of the 
coracoid process, or lengthens the 
coracoid process by splitting it length- 
wise and sliding down the so as to 
prolong it by 3 cenlimetcrs. Oudard 
(Jour, de chir., Jan., 1924). 

The writer recoiniiieiids crucial cap- 
sular plication, transverse and vertical, 
as promoting uniform contraction of 
the capsule. W. L. Keller (Ann. of 
Surg., Jan., 1925). 

Dislocations of the elbow stand 
second in order of frequency, and are 
nio.st common in persons under 25. 
Among the great variety of forms of 
dislocations of both bones, the back- 
ward are by far the most frequent. 

The divisions and subdivisions are as 

follows : — 


Dislocation of 
Both Bones 
of the Fore- 
arm 


yl. Dislocations backward : 
and outward, 
and inward. 

1 2. Lateral dislocations ; 

1 inward, 
i outward. 


Incomplete ; 


Complete outward. 

\3. Forward dislocations: 
Incomplete ( first degree). 
Complete (second degree). 
With fracture of the olec- 
ranon. 

[ 4. Divergent dislocations. 
Anteroposterior. 

Lateral. 


Dislocations 
of Ulna 
Alone 


/Backward 
I and Up- 
\ ward 


■{ 


Incomplete (first 
degree). 

Complete (second 
degree). 


( Backward and Outward 
hind the radius). 
Inward (one case). 


(be- 


Dislocations 
of the 
Radius 
Alone 


T. Backward. 

2. Outward. 
j3. Forward. 

4. By elongation (the subluxa 
) ation of children). 

5. With fracture of the 
L ulna. 


Dislocations of Both Bones Backward. 
— The inward and outward subvarieties 
are of no practical importance. 


Symptoms . — The elbow is swelled and 
partly flexed. The olecranon may be 
felt displaced backward from the epi- 
condylesand the head of the radius may 
be recognized behind the external ej)i- 
condyle as a bony j)oint which rotates 
with the forearm. The trochlear sur- 
face may be prominent in the bend of 
the elbow ; the tendon of the bicei)s be- 
hind. Passive flexion and extension are 
moderate. There is abnormal lateral 
mobility in full extension. 

The cause is most commonly a fall 
upon the outstretched hand forcing the 
two bones backward. The coronoid ])roc- 
ess of the ulna is citlier broken or lifted 
over the trochlear surface by hyper- 
extension or by abduction, which in- 
creases the normal outward deviation of 
the forearm and a twist which swings 
the process downward and then back- 
ward. 

Vaihology . — The internal lateral liga- 
ment is torn, and the external one either 
torn or stri])ped away with the perios- 
teum from the external condyle. I fence, 
in old dislocations reduction is effect- 
ually prevented by the mass of callus 
that forms beneath this elevated ])erios- 
teum behind the external condyle. The 
front of the capsule is torn, the cpi- 
trochlea (internal cpicondyle) may be 
broken by muscular pull, or the mus- 
cles attached to it may be ruptured. 
Fractures of the head of the radius and 
coronoid process are rare. The latter, 
however, does not interfere with the 
action of the brachialis anticus, as that 
muscle is attached to the base of the 
process: a part not interested in the 
fracture. 

Treatment. — I'orcible flexion is to be 
condemned as unscientific and less likely 
to succeed than pressure on the dislo- 
cated bones combined with traction of 
the forearm in full extension or hy- 
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perextension. UvSually the dislocation 
is easily reduced. Soinctinics anesthetics 
are necessary. y\fter reduction the 
limb should be immobilized by bandages 
and a slin^ for about three weeks, after 
which massage and mild active mo- 
tion will gradually remove the stiff- 
ness. b'arly passive motion will not 
hasten the result, and may even in- 
crease tlie excessive production of 
callus, which, in children, sometimes 
goes on even after reduction, and 
may cause serious limitation to the 
motion of the joint. 

In old-.standing dislocations of l)oth 
arm bones backward, reduction without 
a cutting operation is very rarely suc- 
cessful, and is often attended by very 
serious injury to the bones, especially 
in young subjects. Section of the 
olecranon allows easy reduction, and 
the fixation of the detached piece by a 
screw gives an ideal re.sult. Operation 
from the posterior aspect of the joint is 
anatomically sound, as all the important 
stnicturcs, except the ulnar nerve, lie in 
front separated from the area of work 
by the brachialis anticus. No lateral 
incisions can give the power to deal 
with a shortened triceps, which will 
prevent reduction no matter how freely 
the lateral ligaments are divided. Fixa- 
tion by a screw instead of by wiring 
saves much delay and avoids undue 
exposure of the periarticular tissue.s. 
M’Ardle (Dublin Jour, of Med. Sci,, 
March, 1912). 

Lateral Dislocations . — Incomplete dis- 
locations in either direction arc said to 
be frequently overlooked or mistaken 
for fractures. The cause of lateral dis- 
locations is usually a fall uix>n the hand 
by which the normal outward angle at 
the elbow is increased by tearing of the 
internal lateral ligament and a down- 
ward movement of the ulna, directly 
away from the trochlea. The head of 
the radius then glides either outward or 
inward, as the case may be, the ulna 
accompanying. 


In incomplete inward dislocations the 
foreann is pronated and slightly flexed, 
its long axis parallel to and a little to 
the inner side of that of the arm. The 
olecranon and external condyle are 
I)roniinent, and the head of the radius 
can be felt displaced inward, resting 
below the trochlea (the greater sig- 
moid cavity of the ulna embraces the 
epitrochlea). Flexion and extension 
are but little interfered with. Reduc- 
tion is made by traction and direct 
pressure. In unreduced cases there is 
very little disability, and operative in- 
terference is probably inadvisable. 

Incomplete Outward Dislocations . — 
The forearm is pronated and slightly 
flexed, and its long axis is to the outer 
side of and parallel to that of the arm or 
else in abduction. The ulna is displaced 
so that the central ridge of the greater 
sigmoid cavity has passed beyond the 
outer rim of the trochlea; the radius lies 
partly below or entirely beyond the ex- 
ternal condyle. The internal condyle 
and olecranon arc prominent. 

Treatment . — The ridge of tlie sigmoid 
cavity must be unlocked from the groove 
between the trochlea and capitellum. 
This is done by traction or hyperexten- 
sion (or by abduction, if the head of the 
radius rests below the external condyle 
and can be used as a fulcrum). Then 
the bones are pushed easily into place. 
The broken epitrochlea may lodge in the 
groove of the trochlea and effectually 
prevent reduction. Even if the disloca- 
tion be not reduced, the joint may be 
quite useful. 

Complete outward dislocation occurs 
in three forms. In the simplest form 
the bones of the forearm are displaced 
directly outward, the inner edge of the 
olecranon resting against the outer side 
of the external condyle. If, now, the 
forearm is flexed and strongly pronated. 
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the second form (subepicondylar) is 
produced, in whicli the anterior surface 
of the ulna looks inward and its sigmoid 
cavity embraces the outer side of the 
external condyle, while the radius lies 
above it, with its head in front of the 
epicondylar ridge. In the third form 
(supraepicondylar ) the dislocated bones 
are moved still farther U])ward and 
backward, so that their articular sur- 
faces lie external to and behind the su- 
pinator ridge. Reduction is usually easy, 
owing to the extensive laceration of 
the ligaments; but, even if unreduced, 
the elbow remains fairly strong and 
mobile. 

Forzvard Dislocation. — This rare in- 
jury is usually caused by direct trauma 
at the back of the flexed elbow. The 
olecranon was broken in about a third 
of the cases, and in such the violence 
is received on the ])osterior surface of 
the ulna. If this is the case, the ulna 
and radius are disi)Iace(I forward and 
upward in the anterior surface of the 
humerus; but, if the olecranon remains 
intact, it may rest on the trochlea, or, 
the triceps being lorn away, it may pass 
to the front of the humerus. Reduction 
by traction appears to have been easily 
accomplished. 

Divergent Dislocations of the Ra- 
dius and Ulna. — In the anteroposte- 
rior variety the ulna lies behind and 
the radius in front of the humerus; in 
the transverse the ulna is displaced in- 
ward and the radius outward. The 
usual cause seems to be abduction fol- 
lowed by internal rotation and impul- 
sion. Reduction has failed in one- 
fourth of the casc.s. 

Dislocation of the Ulna Alone . — 
The forearm is usually extended and 
adducted. Flexion is painful; rotation 
free. The trochlea is prominent in front 
and the olecranon behind, while the head 


of the radius remains in place. The 
cause of the injury appears to be 
hy])erextcnsion or abduction, followed 
by adduction and inward rotation. 
The rational method of reduction is by 
supination, abduction, and hyperex- 
tension (von Ditha). 

Dislocation of the Radius Alone . — 
Of the dislocations backward, outward, 
and forward the last is the most fre- 
quent, being, in fact, of not unusual 
occurrence in connection with a fracture 
of the shaft of the ulna from a fall upon 
the hand. The head of the bone is di.s- 
jdaced upward in front of the external 
condyle. The orbicular and anterior 
ligaments are torn. Abduction is pos- 
sible, while su])ination, flexion, and ad- 
duction arc all limited. Adduction and 
pressure appear to be the best methods 
of reduction; but the orbicular ligament 
may be interposed and require operative 
interference. 

Idle backward and outward dis- 
locations are very rare. They neces- 
sitate a fracture of the idna or a 
rupture <jf the interosseous membrane. 

The downward dislocation (disloca- 
tion by elongation, subluxation of young 
children) is of frequent occurrence. The 
clinical history is quite characteristic: a 
child, usually under 3 years of age, is 
pulled by the hand; it cries out, and 
refuses to use the limb, which hangs 
with the forearm j)artly flexed and pro- 
nated. The region of the head of the 
radius is sensitive to pressure, and 
sometimes an interval can be felt be- 
tween the radius and the condyle. All 
passive motions, excejH supination, are 
free. On forcible supination a slight 
click may be felt and the symptoms are 
at once relieved. Duverney’s theory of 
downward displacement with interposi- 
tion of the annular ligament is most in 
accord with the facts. 
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In recent cases secure reduction of 
the dislocated radial head, by arthrot- 
omy and capsulorrhapliy if necessary. 
As Kirniisson says, in such injuries the 
dislocation is everything, the fracture is 
nothing. When reduction is secured 
the fracture almost invariably will fall 
into good position. If it does not, it 
may be fixed by a suture or plate. In 
old cases with the ulna united attempt 
reduction of the dislocation by arthrot- 
oiny and retain the radius in place by 
capsulorrliai)hy. If reduction after 
arthrotomy proves impossible, as it 
may if the ulna has united in bad posi- 
tion, it is better to excise the head of 
the radius than to interfere with the 
ulna, unless the deformity in the ulna 
is very extreme. In such cases osteot- 
omy of the ulna may be done. In old 
cases with non-union of the ulna ex- 
pose the ulnar fracture first, and after 
freeing the fragments .secure reduction 
of the dislocation by arthrotomy if 
necessary, including capsulorrhapliy; 
then treat the ulnar fracture as if no 
dislocation had existed. In cases with 
musculospiral paralysis excision of the 
radial head failed to secure a good 
result in one case (Zschock), and there 
is no evidence that reduction and 
capsulorrhajihy would not have been 
successful in two others (Albertin, 
Kammerer) in which excision was 
done. A. P. C. Ashhurst (Annals of 
Surg.. Oct., 1912). 

Old Unreduced Dislocations of the 
Elbow. — Adhe.sions and new bone 
formation very soon immobilize the 
joint. Jf this immobilization occurs in 
extension, the iX)sition may be improved 
by forcible flexion, with or without 
fracture of the olecranon. A more ac- 
curate method, however, and one likely 
in many cases to afford fairly good func- 
tional results, is arthrotomy. The chief 
obstacle to reduction will be found to be 
the new bone formed at the back of the 
external condyle. This may be removed* 
and adhesions divided through two lat- 
eral incisions. 


The writer found in 3 cases that an 
otherwise irreducible backward luxa- 
tion of the elbow corrected itself 
spontaneously when the man hooked 
his elbow over the rung of a ladder, 
the highest he could reach, and bore 
his weight on it. The relaxation of 
the triceps is probably responsible 
for this as the elbow is hooked high 
up, the man leaning against the lad- 
der as he stands sideways at the foot. 
Verny (Arch, de med. et de Pharm. 
Milit., Apr., 1918). 

Dislocations of the Lower Radio- 
Ulnar Joint. — The ulna is spoken of 
as tlie dislocated bone. It may be dis- 
located forward or backward. The latter 



pig, 11.— Diagrammatic, to indicate the deform- 
ity in A, dislocation of the wrist backward, and If, 
Colies’s fracture of the radius. (Stiwson.) 

variety is caused by exaggerated prona- 
tion, and the former by direct trauma. 
Both are easily reduced. 

Dislocations of the Carpus from the 
Radius. — These may be complete or 
incomplete ; forward, backward, or 
outward. In the incomplete form the 
cuneiform maintains its relations to 
the triangular fibrocartilage, while the 
scaphoid and semilunar are dislocated 
from the radius. In one case the semi- 
lunar alone was not displaced (back- 
ward). These dislocations may be com- 
plicated by fracture of the anterior or 
posterior (“Barton’s fracture”) lip of 
the radius ; but this in no way compli- 
cates the treatment and is a purely sec- 
ondary matter. 
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The more common Colles fracture 
of the lower end of the radius was 
long confounded with backward dis- 
location. The differential diagnosis 
is easily made by attention to the 
relations of the styloid prt)cess of the 
radius with that of the ulna and with 
the projecting mass on the back of 
the wrist (Fig. 11). Reduction in 
either case is made by dorsal flexion 
and direct pressure, and after reduc- 
tion the differential diagnosis is easy. 
The spontaneous forward dislocation 
of Madelung occurs slowly in ado- 
lescents as the result of absorption 
of the anterior part of the articular 
surface of the radius. The ulna is 
prominent; dorsal flexion is limited. 

[According to Marson, Madelung has 
been shown to have been in error, in that 
there is no luxation, but a diaphyseal or 
epiphyseal incurvation of the radius. The 
disease is, therefore, a curved radius. The 
radiocarpal connection remains normal.] 

Dislocation of the Carpal Bones. — 

Dislocations have been reported of 
tach of the carjial bones, excei)t the 
cuneiform. If the bone cannot be 
replaced or causes annoying symp- 
toms, it had better be removed. 

Til early cases of dislocation of 
the semilunar bone an attempt at 
bloodless reduction by over-extension 
and the Thomas wrench under com- 
plete anesthesia should be made. 
The reduced semilunar should be 
held in place by fixation in extreme 
flexion. Physiotherapy should be 
used early and continued until func- 
tion is restored. Old, intractable dis- 
locations or severe fracture disloca- 
tions should be excised. W. G, 

. Stern (Jour. Amer. Med. Assoc., Ixxv, 
1389, 1920). 

A few dislocations of the second 
row of carpal bones upon the first 
have been reported. 

Carpometacarpal Dislocations. — 
The first metacarpal is the one most 


commonly dislocated; the dislocatitin 
is incomplete and usually backward. 
The base of the dislocated bone 
forms a distinct ])rominence on the 
back of the hand ; this is readily re- 
duced, but as readily recurs. To pre- 
vent recurrence, extension of the fin- 
ger ( and also abduction, if it be the 
thumb) and direct pressure on the 
head of the bone must lie maintained 
by a dorsal splint for one or two 
weeks. 

Dorsal metacarpophalangeal dislo- 
cations are generally caused by a 
fall on the outstretched hand; more 
rarely, by direct violence or by trac- 



12.— Simple complete dislocation of the 
thumb. (Farabevf.) 

tion from stars. Diagnosis and re- 
i)Iacement are generally easy, but oc- 
casionally reposition isi made more 
diflicult by the interposition of a piece 
of cai)sulc, a joint ligament, or a 
flexor tendon. In some cases opera- 
tive reposition is necessary. Dislo- 
cations of the toes are more rare than 
dislocations of the fingers, but more 
fretiueiitly compound and comliincd 
with fractures than those of the 
fingers. W. Striihe ( Beitr. z. klin. 
Chir., exx, 04fi, 1920). 

Dislocations of the Thumb and Fin- 
gers. — M ctacarpophilangcal Disloca- 
tions of the Thumb . — Lateral (one case) 
and forward dislocations present no 
especial points of interest. The latter 
are easily reduced by hyperflexion and 
traction. Backward dislocation may 
be incomplete, complete, or complex. 
Incomplete backward dislocation may 
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be produced voluntarily by many 
young persons. It is reduced at will. 
In the complete form the phalanx is 
carried backward and upward on the 
dorsum of the metacarpal, usually by 
forced extension ; the anterior ligament 
is torn avyay from the metacarpal bone 
and drawn backward with its sesamoid 
bones along, and even past, the articular 
surface of the head of the nietacari^al, 
while the tendon of the long flexor slips 
to one side of the head, usually the in- 
ner, although it may exceptionally re- 
main in place. 1'he first phalanx is in 
extension at a right angle, the terminal 
phalanx in flexion, and the head of the 
metacarfial prominent in the thenar 
eminence (Fig. 12). 



In the complex form (produced from 
the complete by forced flexion of the 
thumb) the glenoid ligament, and the 
two sesamoid bones with it, are turned 
upward so as to lie between the |)halanx 
and the head or dorsum of the meta- 
carpal. The thumb is in straight exten- 
sion, parallel and posterior to the meta- 
carpal ; its base can be felt as a promi- 
nence behind, and the head of the meta- 
carpal protrudes in front. The sesamoid 
bones stand at a right angle to the ar- 
ticular surface of the phalanx, and can- 
not be folded under it, thus offering a 
great- — often insurmountable — obstacle 
to reduction. The essential point of 
reduction, therefore, is to avoid the 
transformation of the complete into the 
complex form. The extension must be 
maintained or even increased and the 
thumb pressed bodily downward until 


the anterior edge of its base, following 
the glenoid ligament, overlaps the artic- 
ular surface of the metacarpal, when it 
can be turned into place by flexion. If 
this fails, a combination of rotation with 
the downward pressure may succeed : a 
sort of unbuttoning of the head of the 
•metacarpal from the grasp of the glenoid 
ligament and the attached heads of the 
short flexor. If, however, the disloca- 
tion has become complex by the interpo- 
sition of the glenoid ligament, the same 
ineth(xl may yet succeed ; but much more 
forcible downward traction is necessary 
to carry the edge of the ligament over 
the end of the metacarpal bone ahead of 
the phalanx before instituting flexion. 
If all manipulations fail, the joint must 
be opened through a longitudinal an- 
terior incision, and the center of the 
glenoid ligament nicked to allow it to 
be drawn over the head of the meta- 
carpal. 

M ctacarpophalangcal dislocations of 
the fingers resemble those of the thumb, 
save for usual absence of sesamoid 
bones. 

Dislocation of the phalanges may oc- 
cur in any direction. Reduction is usu- 
ally easy, though possibly the thick 
anterior ligament may be interposed. 

Dislocations of the Pelvis and Coc- 
cyx. — Pubic and sacroiliac dislocation 
occurs with fracture of the pelvis, the 
symptoms and treatment of which it 
does not materially complicate. 

The coccyx may I>c dislocated for- 
ward or backward. The pain is usually 
intense. Diagnosis is made by rectal 
touch. Manual reduction should al- 
ways be attempted. 

The condition is rare except in neur- 
asthenic women. Fibrous or bony anky- 
losis may occur, preventing reduction. 
For the relief of the pain local injec- 
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tions of 2 per cent, phenol, or of 80 
per cent, alcohol, or coccygectomy may 
be tried. Often neurasthenic symptoms 
persist despite operation. 

Dislocations of the Hip. — These 
form from 2 to 10 per cent, of all dis- 
locations ; they occur at all ages and are 
more common in men than in women. 
The head of the femur may leave its 
socket in any of the four princijnil di- 
rections, after which it assumes various 
positions by secondary displacement. Tn 
“typical” dislocations the Y-ligament re- 
mains untorn and determines the char- 
acteristic attitude of the limb (Bigelow). 
Compound dislocations are rare. The 
varieties arc as follows : — 

“Typical” donsal (comprisinj;^ 
the iliac and “ischiatic,” 
and those “upon the dorsum 
ilia” and “into the ischiatic 
notch ”). 

Anterior oblique. 

Everted dorsal (eomprisiny? 
the “supraspinou.s” and 
.some of the “supracoty- 
loid”). 

Dislocations Downward f Obturator. 

and Inward \ Perineal. 

Dis locations] f llio-pectineal. 

Forward V Suprapubic < Pubic, 
and Upward J I Intrapelvic. 

Dislocations directly upward (supracotyloid 
or subspinous). 

Dislocations downward on the tuberosity of 
the ischium. 

Backward Dislocations . — The dorsal 
form is by far the most common of the 
dislocations of the hip. The thigh is 
adducted, rotated inward, and more or 
less flexed ; so that the knee rests upon 
the front of the opposite thigh when the 
patient is recumbent, and there is appar- 
ent shortening (Fig. 14). The upper 
and outer part of the thigh is broadened, 
and the trochanter is above Nelaton’s 
line (a line drawn from the antero- 
superior spine of the ilium to the tuber- 
osity of the ischium). The head of the 
femur may be obscurely felt in the but- 
tock. 


The actual shortening cannot easily 
be determined on account of the diffi- 
culty of placing the two limbs in sym- 
metrical positions. Voluntary move- 
ments are lost; passive flexion and 
adduction alone arc ])ossiblc. 

The characteristic position and limita- 
tion of motion readily distinguishes the 
'dislocation from a fracture of the neck 
of the femur. 

Etiology. — 1die dislocation is usually 
produced by violence transmitted along 
the shaft of the femur while the thigh is 
flexed, adducted, and rotated inward, or 
the head of the bone may be thrown out 
of place by exaggerated adduction, in- 
ward rotation, and slight flexion, or, 
again, the dislocation may result second- 
arily from an obturator dislocation by 
the same three motions. 

Pathology. —The head of the bone 
usually tears through the ca])sule low 
down behinfl, passes below and then up- 
ward behind the obturator, and rests 
finally on that muscle close behind the 
acetabulum, or, more rarely, it leaves 
its socket higher uj), ini.shes the obtura- 
tor ahead of it outward or upward, and 
lies on the edge of the acetabulum it.self. 
The cai>sule is irregularly torn behind, 
the ligamentum teres is ruptured, the 
quadratus femoris and gemelli are usu- 
ally torn, the two obturators and pyri- 
forms less frequently. Rarely the head 
of the bone rests on the great sciatic 
notch or the dorsum ilii. The edge of 
the acetabulum may be broken. 

Treatment . — The surgeon must en- 
deavor to relax the Y-ligament and 
other untorn portions of the capsule, 
to bring the head of the bone opposite 
the rent in the capsule (if necessary), 
and then to lift or pry it into place. To 
do this the patient is laid flat on his back 
and the pelvis steadied by an assistant 
or by the surgeon^s foot. The patient^s 
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knee is then flexed at a right angle, the 
thigh rotated inward and flexed to or a 
little beyond a right angle, and then 
lifted bodily upward, rotated a little out- 
ward^ and extended in abduction. The 
lifting and outward rotation should re- 
place the hone with a distinct jump. 

Or the patient may be laid on his face 
on a table wliose edge comes just above 
the groin so as to leave the lower ex- 
tremities dangling. Tlie sound limb is 
now held horizontally by an assistant, 
and the dislocatcil one allowed to hang 
vertically downward. The surgeon 
grasps the ankle of the dislocated limb, 
flexes the knee to a right angle, and, 
while diverting the patient’s attention, 
swings the limb gently from side to side. 
Under the influence of gravity the mus- 



Pisr. 14.~Dor8al dislocation of femur. (Cooper.) 

cles soon relax and the bone may slip 
into place of itself or aided by a sharp, 
quick pressure downward on the calf. 

If these methods fail, ether should be 
administered and reduction attempted 
several times by the first method. Fail- 
ing again, try traction in slight flexion 


and adduction, aided by direct pressure 
on the great trochanter. 

If the limb is too strongly flexed or 
too soon rotated outward the dorsal dis- 
location may be transformed into a thy- 
roid one. If this occurs, the dislocation 
must be restored to its original form by 



Pljr. io.—jLflsiocauon uuiow, una men oenma ana 
above, the obturator interniis. {Stiimon.) 

reversing the movements : flexion in ab- 
duction and outward rotation, followed 
by adduction and rotation inward. 

In reviewing the ultimate results ob- 
served in 21 cases of hip luxation, some 
reduced by ordinary methods soon 
after the accident, others treated later 
by open operation, the writer concludes 
that the late prognosis in these cases is 
not entirely favorable. Although occa- 
sionally the subsequent trouble may 
arise from osseous abnormalities exist- 
ing before or as the result of the acci- 
dent, and which might have been 
avoided by routine use of the X-rays in 
these cases, the disturbance is usually 
due to imperfect restoration of the 
soft parts surrounding the joint. In 
adults, one should always be apprehen- 
sive of a posttraumatic deforming 
arthritis, which may appear at a long 
interval after the accident. The best 
way of preventing this and other un- 
toward results is to keep all these 
patients under treatment, after the dis- 
location, for a longer time than has 
hitherto been the custom. In reducing 
hip luxations, he advises the following 
maneuver, which permits of easy reduc- 
tion, even where the patient’s limb is 
unusually massive: With the patient 
anesthetized and lying on a mattress 
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the thigh is flexed to liberate the 
femoral head, and the operator’s knee 
placed under that of the patient. Hold- 
ing the patient’s leg below the knee and 
at the ankle, the operator then applies 
force to it just as a laborer would lift 
a heavy shovelful of earth. Roux 
(Revue med. de la Suisse Roinandc, 
Jan., 1913). 

Everted Dorsal Dislocations. — If the 
outer branch of the Y-liganient is rup- 
tured, tlie limitation to abduction and 
outward rotation is, in great part, re- 
moved, and the head of the bone is free 
to rise higher than before. Hence, 
when this rupture occurs, if the head 
remains behind the acetabulum only 
slight flexion and adduction persist, 
while, if it has moved upward and for- 
ward near to or above the anteroinferior 
spine of the ilium (in whicli position it 
can be felt), there will be exten.sion, 
abduction, and slight outward rotation: 
the so-called everted dorsal. Reduc- 
tion is effected by converting the dislo- 
cation into the common dorsal form and 
treating it as such. 

Anterior Oblique Dislocation. — In 
Bigelow’s one reported case the head of 
the bone was high above the acetabulum 
and the limb crossed the opposite thigh, 
everted, and with the knee extended. 
Reduction as for everted dorsal disloca- 
tion. 

Dislocations Doimzmrd and Inzvard. 
— In both the obturator — or thyroid — 
and perineal varieties the head escapes 
through a rent in the lower and inner 
part of the capsule to lodge on the ob- 
turator foramen, or to proceed farther 
and rest on the perineum. In either 
case the limb is flexed, abducted, and 
rotated outward. It cannot be extended 
and can only be adducted after flexion. 
The limb is shortened, the trochanteric 
region flattened, and adductors tense. 
The head of the femur may sometimes 


be felt on the foramen, always if it is in 
the perineum, in which latter case the 
abnormality of the position of tlic limb 
is much greater. Several patients are 
reported to have walked immediately 
after receiving a thyroid dislocation. 

The common cause is violence re- 
ceived on the back of the i)clvis while 
the thigh is somewhat flexed and ab- 
ducted ; but it may be extreme abduc- 
tion alone. In perineal dislocations the 
laceration of the soft parts must be 
extensive. 

Reduction is made ])y flexion of the 
hip to a right angle, traction with ad- 
duction, and then inward (or outward) 
rotation while lowering the knee. Ma- 
nipulation may succeed with no rotation 
at all. 

Dislocations Upzvard and Forzmrd, 
and Inzvard and Fonvard (Supra- 
pubic), — The limb is extended, mark- 
edly everted, and slightly abducted. The 
head of the femur is commonly to be 
felt in the groin (iliopcctincal form) or 
may be above the pubes. The psoas- 
iliacus and the great vessels are 
stretched across the head or may be 
ruptured. The head of the bone may 
have left the socket at its upper and 
inner part by hyperextension, or by 
abduction and outward rotation, or 
the dislocation may be secondary to 
an obturator dislocation. 

Reduction. — The head is to be drawn 
downward past the pubic ramus by 
direct traction in the axis of the limb as 
it lies; then flexion is instituted while 
pressure is made against the head to 
I)revent its moving upward again ; and, 
finally, inward rotation replaces the 
I)one. 

Dislocations Directly Upward (Sti- 
pracotyloid). — In the few recorded 
cases the head had been forced directly 
upward and lay just beneath the antero- 
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inferior spine of the ilium. The limb 
was everted and abducted. Some of 
the patients have been able to walk 
with a limp. 

These cases bear a close resemb- 
lance to everted dorsal dislocations. 
No defmite rules for reduction have 
been laid down. 

Dislocation Downward upon the 
Tuber osHy of the Ischium, — This dis- 
location is very rare because of the 
case with which it may be converted 
into a dorsal or thyroid dislocation. 
The thif^h is sharply flexed and ab- 
ducted. Reduction is easy by traction 
in flexion. 

Complications of Dislocations of the 
Hip. — Compound dislocations are very 
rare. 

Injury to the femoral vessels may 
occur in forward and inward disloca- 
tions and should immediately be treated 
by operation and suture. 

l'"racture of the neck of the femur is 
usually caused by overzealous at- 
tempts at reduction. Operative re- 
duction with the K ocher skid and fix- 
ation of the fragments by a screw of 
bone or metal passed through the neck 
of the bone from the trochanter is 
to be done; otherwise, ankylosis with 
the limb in a favorable position is the 
best that can be hoped for, except pos- 
sibly in the young", when excision of 
the head of the bone may give some 
useful motion. 

Traumatic luxation of the hip is a 
rare lesion during infancy and the 
earl> years and is proportionately 
more frequent in later years. It is 
more frequent in the male sex. Its 
rarity is not explicable by the greater 
frequency of femoral fracture, since 
this includes only diaphyseal frac- 
tures which generally have a patho- 
genesis different from luxations; it is 
rather in strict relation with the 
physiologic peculiarities of the joint. 


Iliac luxations are the most fre- 
quent variety. The period of reduc- 
tion is shorter than in the adult owing 
to the more active proliferation of 
tissues and easy periosteal detach- 
ments. 

Reduction can always be easily 
effected in recent luxation when an 
exact diagnosis guides the reduction 
maneuvers. Plaster apparatus is pref- 
erable to traction to secure the re- 
duced position and eliminate the dan- 
ger of re-luxation. G. Roello (Clin. 
Chir., Milano, xxiv, 1480, 1916). 

Treatment of Old Unreduced Dislo- 
cations. — Both forcible reduction and 
reduction by arthrotomy have yielded, 
in the past, only moderate functional 
results and liave had a rather heavy 
mortality. The skilled surgeon, how- 
ever, may now obtain excellent results 
by operative reduction, which is ad- 
vised. l^xcept in experienced hands, 
the object sought should simidy be to 
improve function by a change in the 
attitude of the limb by the simplest 
means or by osteotomy or resection of 
the head. 

The writer describes a modification 
of the Alliee operation whicli he ap- 
plies in paralytic dislocated hips 
(c.//., following infantile paralysis), 
when the acetabulum is shallow and 
the hip will not stay in place after 
reasonal)le trial l)y the bloodless 
method. The operation consists of 
the turning down of a superior curved 
lip of bone to overhang the deficient 
acetabulum and maintain the reduced 
femoral head. The position of the 
overhanging lip or rim is maintained 
by tibial bone grafts inserted be- 
tween the lip and the bone mass from 
which it was turned down. The op- 
eration includes reefing the capsule, 
and is followed l)y plaster fixation for 
from 3 to 5 months. Sufficient muscle 
activity may be present to give a 
good functional hip joint without 
ankylosis and with excellent stability. 
E, Jones (Jour. Orthop. Surg., Apr., 
1920). 
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Report of a case of dorsal dislo- 
cation of the hip of 13 years’ stand- 
ing treated by a Lorenz traction ap- 
paratus and later Ijy strong al)diU'tion, 
so that the knee was flat on the table. 
The head of the femur was thus 
passed to the front. When the limb 
was brought toward the midline, the 
head slipped into its original posterior 
dislocation position instead of in the 
acetabulum. The maneuver was 
therefore repeated and the limb held 
in abduction in a plastcr-of-Paris cast. 
On palpation the head of the femur 
appeared to be directly over the 
acetabulum. Six weeks later an X- 
ray showed it within the acetabulum. 
The limb was brought dowm into 
slight abduction and a second cast ap- 
plied. On the removal of the cast 
at the end of b weeks the hip was 
found to be normal and the patient 
w'as al)le to walk without a limp. J. 
Shoemaker (Surg., (lynec. and 
Obstet., xxxii, MA, 1921). 

Dislocations of the Knee. — These 
occur rarely and, in order of fre- 
quency, forward, backward, outward, 
inward, and by rotation. Hie disloca- 
tion is frecjuently compound, and the 
proj^nosis rendered much more ^rave 
by a complicating injury to either of 
the popliteal nerves or to the popliteal 
vessels. Even if, after reduction, pul- 
sation rea])pears in the arteries of the 
foot, gangrene may supervene from 
thrombosis caused by laceration of 
the inner coats of the artery. 

Outward dislocation of the knee is 
a very uncommon injury. Reduction 
under anesthetic is accomplished by 
complete flexion of the knee and hip, 
the left hand of the operator behind 
the tibia, with the thumb on the ex- 
ternal margin of the patella; the right 
hand is at the ankle. The lower leg 
is now internally rotated, traction be- 
ing made on the tibia and the leg 
extended. The patella is next slipped 
into place. 

Extension is made for 4 days, fol- 
lowed by immobilization in plaster. 


Massage is given after the first week. 
A perfect re.sult was obtained in a per- 
sonal case in P weeks. Ferguson (Jour. 
Anier. Med. Assoc., Ixx, 1213, 1918). 

Forward dislocation may be com- 
plete, or, more commonly, incomplete. 
When comjilete, the tibia may be dis- 
placed some distance upward over the 
front of the condyles. If the disloca- 
tion is compound, the wound is pos- 
terior and transverse. The cause is 
direct violence or hyperextension of 
the knee. Reduction is easily made by 
traction and pressure. 

Backward dislocations may be com- 
l)lete or incom])lete. The leg is usu- 
ally either extended or hyperex- 
tended, and may be deviated to one 
side. The ])atella may be dislocated 
outward. The usual cause is direct 
violence. Reduction is effected by 
traction and pnxssure. Even without 
reduction a fairly useful limb has re- 
sulted in several cases. 

Lateral dislocations arc outward or 
inward, coin])! etc or incomplete, '^fhe 
patella is usually deviated toward the 
side of the dislocation. 'Phe incom- 
plete form is usually caused by abduc- 
tion or (inward) by adduction. Re- 
duction by traction and i)ressure. 
Dislocation by rotation is said to be 
incomplete when one condyle revolves 
around the other, comi)lctc when 
both revolve around a central axis. 
There may be additional backward or 
outward displacement. Rotation is out- 
ward or inward according to the direc- 
tion in which the toes turn. Reduction 
is easy. Knee dislocations should be 
kept immobilized several weeks. 

In habitual dislocations of the knee, 
the lower end of the femur and upper 
end of tibia may be drilled and an 
artificial anterior coronary ligament 
made of transplanted tendon inserted. 
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Analysis by the writer of the 21 
published specimens of congenital hyper- 
extension shows the pathological lesion 
to consist m a subluxation of the 
tibia forward and upward on the femur. 

'I'reatment should be begun at birth 
and consist at first in manipulation, 
with narcosis and apparatus if neces- 
sary, to reduce the snbluxation. In 
case repeated attempts are unsuc- 
cessful, open operation is indicated. 
Mayer (Amer. Jour, of Orthop. Surg., 
Jad)., 1913). 

Dislocation of the Semilunar Car- 
tilages. — Either cartilage may he de- 
tached from any of its ligamentous 



Fisf. 16.— Diagram of the various dislocations of 
the patella. {Stimson.) 

attachments, and so displaced in any 
direction, or it may be lacerated. 

The symptoms arc those of any 
loose body in the joint, sudden pain- 
ful locking, usually after some given 
movement. The displacement may 
be recognized by palpation along the 
articular edge of the tibia. The 
cause of displacement is a disloca- 
tion, a sprain, excessive rotation or 
flexion. 

Treatment. — The locking may be 
relieved by forcible manipulation or 
by pressure upon the displaced car- 
tilage. Various braces have been de- 
vised to prevent recurrence, either by 
opposing the displacement directly 
or by preventing the motion which 
occasioUvS the displacement. These 


methods failing, the cartilage should 
be removed through a short oblique 
incision alongside of the ligamentum 
])atelke, with the knee flexed. With 
careful technique the functional re- 
sults of this operation are excellent. 

Dislocation of internal semilunar 
cartilage of the knee occurs most 
commonly when an individual, while 
standing solidly on one foot, c.g., on 
a step-ladder or chair, makes a quick 
move or executes inward rotation at 
the knee. The internal condyle of 
the femur, pressing against the carti- 
lage. displaces it inward, rupturing 
the coronary ligament. In treating 
this accident, the writer fits a piece 
of sole leather about 4 inches long 
and 1% inches wide to the inner side 
of the knee. By first soaking the 
leather in water and whittling the 
edges so that it is smooth, it may he 
molded into shaj^e. It is fastened 
over the cartilage by adhesive' straps 
— two up and down, one horizontally 
and one ohli(iue — and covered with 
a fairly firm bandage. The patients 
may walk as usual, though for the 
first three or four days they com- 
plain of some local soreness. The 
bandage is removed and renewed every 
ten (lays. 

.After about 3 such treatments, the 
patients are well and only a liandage 
need he used. The irritation of the 
leather probably causes an aseptic 
adhesive inflammation to he set up 
between the loosened cartilage and 
hone, this taking the place of the rup- 
tured coronary ligaments. G. Chand- 
ler (Jour. Amer. Med. Assoc., Oct, 
28, 1911). 

Report of 10 cases of injury of the 
semilunar cartilages, comprising 5 
fractures and 5 displacements, all of 
the internal cartilage. Partial extir- 
pation was done in 7 cases, complete 
extirpation in 2 cases, and suturing 
in 1 case. The last gave the poorest 
results. While the best treatment is 
extirpation, in a few early cases cure 
or improvement can be obtained by 
immobilization for a number of 
weeks or months with plaster casts 
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and rest m bed. Reduction should 
always be attempted by flexing the 
knee, and, in case of loose internal 
cartilage, rotating the tibia outward 
while pressing over the cartilage and 
then quickly rotating the leg inward 
with a sudden extension. Where 
there is posterior displacement, frac- 
ture, or a dislocation deep in the 
joint, complete extirpation alone can 
cure. Griebenow (Journal-Lancet, Apr. 
1, 1917). 

Dislocations of the Patella. — ^The 
patella may be dislocated outward or in- 
ward, or rotated around its long axis, or 
the two forms may be combined. Dis- 
placement upward or downward is 
purely secondary to rupture of the liga- 
mentum patelhe or tlie quadriceps ten- 
don, and need not be here considered. 

Outward dislocation is complete or 
incomplete, and accompanied by various 
degrees of rotation (Fig. 16; 1, 2, and 
3). The patella is readily felt in its 
new j)Osition, though it may be difficult 
to determine whether the outer or the 
inner border is directed forward. Mus- 
cular action and direct violence are 
the causes of the dislocation, and hy- 
drarthrosis and ligamentous weakness 
are predisposing causes. The fibrous 
expansion of the vastus internus is 
ruptured, and the muscle itself may 
be more or less torn. Reduction is 
made by direct pressure during ex- 
tension of the knee and flexion of the 
hip. 

Incomplete dislocations arc those 
in which, during extension or flexion, 
the patella moves outward on to the 
external condyle. 

Outward, Edgewise, or Vertical Dis- 
locations (by Rotation ), — In these the 
patella is moved outward and its inner 
edge backward into the intercondylar 
groove; so that its articular surface 
looks outward and more or less for- 
ward, or completely forward (Fig. 16: 


4 to 7). The causes and treatments arc 
the same as for outward dislocations. 

Inward dislocations present the same 
features, mniatis mutandis, as the out- 
ward, but they are much less fre(|uent. 

Habitual dislocations are usually the 
result of some deformity, such as genu 
valgum. They arc controlled by cor- 
recting the original deformity, or by 
apparatus, or by tightening up the loose 
lateral ligaments (by operation). 

Wrede observed a family in which bi- 
lateral luxation of the patella occurred in 
the grandfather, father, sister and 1 of his 

5 brothers, and his son and daughter. 
Ki>!TOKS. 

The writer applies the bone graft 
wedge treatment in habitual disloca- 
tion of the patella. A semilunar in- 
cision is made outside the patella, and 
the external condyle incised for 1K> 
to 2 inches, which allows the anterior 
surface of the condyle to be raised by 
producing a green stick fracture. Into 
the wedge-shaped gap thus formed 
a section of bone from the crest 
of the tibia is fitted and anchored by 
dowel pins also made from the tibia. 
The further displacement of the 
jiatella is blocked by the elevation of 
the external condyle. Albee (Med. 
Rec., Aug. 14, 1915). 

Dislocation of the Fibula. — The up- 
per end may be dislocated outward and 
forward, or backward, or upward. 
These dislocations are all rare. The 
first form seems to be caused by muscu- 
lar action of the long extensors of the 
foot; the second (in more than half the 
cases) by action of the biceps, and the 
third by an injury resembling Pott’s 
fracture, in which the fibula, instead of 
being broken, is forced upward. 

A complicating fracture of the tibia 
may exist. Recurrence is likely, al- 
though reposition is easy, and, hence, 
immobilization should be maintained 
for several weeks. 

The lower end may be dislocated 
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backward. This is quite as rare as the 
dislocation outward in connection with 
Pott's fracture is common. 

Dislocation of the Ankle (Tibio- 
tarsal) . — Backward, — By extreme 
plantar flexion the lateral ligaments are 
torn, the foot slips back, and the astrag- 
alus is caught behind the tibia. (In- 
complete dislocation is a frequent ac- 
companiment of Pott’s fracture.) The 
malleoli may be fractured. The length- 
ening of the heel and shortening of the 
foot may only ])c determined sometimes 
by careful measurement. 

Forward. — Rare. Caused by pressure 
on the heel or by exaggerated dorsal 
flexion. 

Imvard. — Two varieties. In the one 
the astragalus is pried out by supina- 
tion and adduction, and the foot moved 
directly inward and forward; in the 
other (thought to be secondary to a 
backward dislocation) the foot is turned 
over so that its plantar surface faces 
directly inward. Reduction is easy. 

Outward. — Appears always to be as- 
sociated with Pott’s fracture. 

Subastragaloid Dislocations. — The 
other bones of the foot may be dislo- 
cated from the astragalus outward, 
inward and backward, forward, or 
backward. The first two are the most 
common. About 50 per cent, are com- 
pound. About 50 per cent, of attempted 
reductions have succeeded. Complicat- 
ing fractures are not infrequent. Not- 
withstanding the persistence of the dis- 
placement, a good functional result may 
be obtained in some unreduced cases. 
Primary and secondary excision of 
the astragalus have given good func- 
tional results. 

Dislocations of the Astragalus. — 

The varieties are forward, backward, 
outward and forward, inward and for- 
ward, and by rotation. There is fre- 


quently more or less rotation in connec- 
tion with the other displacements. 

Outward and Forward. — This is the 
most frequent form. The foot is ad- 
ducted and inverted and the external 
malleolus prominent. The astragalus 
rests on the outer cuneiform and cuboid 
bones, or even on tlie fifth metatarsal. 
Its jxjstcrior part is still in contact with 
the articular surface of the tibia. Reduc- 
tion by traction on the foot and pressure 
on the astragalus is usually easy, unless 
the bone is rotated. 

Inward and Fonvard. — The foot is 
abducted and everted, and the astraga- 
lus lies in front or below the malleolus 
Reduction may be prevented if the ten- 
don of the tibialis anticus embraces the 
neck of the dislocated bone. 

Forxuard. — Very rare. The cases re- 
ported have no features in common. 

Backivard. — There may be lateral dis- 
I)lacemcnt. In about 50 ])er cent, of 
cases the bone was broken at the neck 
and only the posterior fragment dislo- 
cated, There may be flexion of the ter- 
minal phalanx of the great toe. Reduc- 
tion was effected in one-third of the 
simple cases. 

Rotatory. — Dislocation by rotation 
alone may take place about the vertical 
or transverse axis (in these latter there 
is always some displacement forward 
and inward) or about the anteropos- 
terior axis. 

Subastragaloid dislocation of the foot, 
in which the os calcis and scaphoid arc 
displaced from the astragalus, was ob- 
served by the writer in 3 cases, 2 of 
long standing. In each case there had 
been a violent wrenching of the foot 
outward by a force applied from above. 
In a case of 2 weeks’ standing closed 
reduction under ether proved satisfac- 
tory. For long standing cases he 
recommends total astragalectomy. B. 
H. Moore (Surg., Gynec. and Obstet., 
Dec., 1922). 
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In all severe dislocations of the 
astragalus the blood supply of the 
bone is interrupted, perhaps tem- 
porarily destroyed. There is no main 
nutrient artery to this bone. It is sup- 
plied by numerous small blood vessels. 
The bone may be replaced in normal 
position, however, and a good func- 
tioning foot results. Sneed (Jour. 
Bone and Joint Surg,, Apr., 1925). 

Removal of the astragalus may he 
expected to give a good functional 
result. In flail ankle arthrodesis is 
valuable. 

Dislocations of the Tarsus and 
Metatarsus. — These arc too rare and 
irregular for systematic description. 

The writer found 15 cases on re- 
cord of dislocation of Lisfranc’s joint 
since Lenormant’s compilation of % 
ca.ses in 1908, thus aggregating, with 
2 personal ones, 113 cases. The luxa- 
tion was total in 58. Reduction by 
manual pressure succeeded in only 35 
per cent., but the patient got along 
well with the uncorrcctcd total dislo- 
cation, while the outcome was mo.st 
disappointing in the operative cases. 
Operation is justified when only a 
single bone is dislocated. Gruncr 
(Deut. Zeit. f. Chir., Oct., 1910). 

Lewis A. Stimson, 

New York, 

AND 

W. Wayne Babcock, 

Philadelphia. 

DIUREXIN, or theobromine sodio- 
salicylate, is a double salt of theobrominc- 
sodiuni and sodium salicylate [CTHyNiO^Na 
+ CebLCOHJCOONa]. Its chief constit- 
uent, theobromine, of which it contains about 
50 per cent., is a dimethylxanthine, and is 
therefore closely allied to caffeine, which is 
trimethylxanthinc. It occurs as a white, 
odorless powder, having a saline and some- 
what alkaline ta.ste, and has the advantage 
over pure theobromine of being soluble in 
water. Diuretin is hygroscopic and is de- 
composed when exposed to carbon dioxide or 
to acids; it should therefore be kept in well- 
closed containers. It is incompatible with 
chloral hydrate, phosphates, bicarbonates, 


ferric salts, and even traces of free acids. It 
is official as Thcohromincc sodio-salicylas. 

PREPARATIONS AND DOSE.— 1 or 
diuretic purposes, the drug may be given in 
doses of 15 grains (1 (.Tin.) as often as five 
or even six times a day, in adults. In arterio- 
sclerosis smaller doses should be employed: 
8 grains (0.5 Clm.) two t('> four times daily. 
It may be given in water, but some simple 
flavoring agent, together with administration 
of the drug in syruj) (not .syrup of orange- 
peel or lemon, hov\ever) may be of advan- 
tage in that the slight alkaline taste will be 
disguised. It may also be given in milk. It 
should be taken between meals. 

PHYSIOLOGICAL ACTION.— The 

drug is a powerful diuretic, acting esi)ecially 
by stimulation of the peripheral vasodilator 
nervous mechanism in the kidneys which re- 
sults in increased caliber of the renal vessels 
and a markedlv increased flow of blood 
through the organs. Although it is possible 
that theobromine acts in part by directly ex- 
citing the renal secreting cells, modern 
pharmacological wf)rk has lent no support to 
such an action, and the statement seems war- 
ranted, both from this work and clinical 
experience, that the drug causes little or no 
irritatit)!! in the kidneys, (iruenwald deems 
it probable that the glomeruli arc chiefly 
influenced, although paralysis of reab.sorp- 
tion in the kidney. s — in regard to salts espe- 
cially^ — al.so forms i)art of its action. 

The writers were able to confirm the 
strojig diuretic action of theobromine in 
healthy subjects, and a iiKHlerate in- 
fluence in renal disease. Theobromin- 
sodium salicylate (diuretin) gives a 
weak diuresis, and only in patients 
with anacidity of the stomach. In re- 
tention of w^ater of hepatic origin the 
preparations of the purin group had 
no effect. Grossman and Sandor 
(Wiener klin. Woch., Apr. 9, 1925). 

According to Hoffmann, Pawinski, and 
other.s, the diuretic effect in drop.sy shows 
it.self slightly in the first twenty-four hours 
after the initial dose of the drug. It becomes 
well marked after two days, and reaches its 
height in four or five days, when 5 or 6 
liters of urine a day may be voided. Theobro- 
mine preparations arc superior to caffeine as 
diuretics in that the action is more pro- 
nounced and prf)longed and is unaccompanied 
by symptoms of central nervous excitation. 


4-22 
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It is by many considered superior to theo- 
phylline (theocin) in causing less gastro- 
intestinal and nervous disturbance, and is 
certainly, in the average case, likely to 
cause a more ])rolonged diuretic effect; 
sometimes, however, theophylline will in- 
duce a more marked and prompt diuresis 
than theobromine. 

In common with the other drugs of the 
caffeine group, diuretin causes an increase 
in the elimination of certain salts, espe- 
cially sodium chloride and the phosphates. 
The nitrogenous constituents of the urine 
may also be increased, though to a less 
extent. 

Upon the heart theobromine compounds 
exert the same stimulant action as caffeine. 
Upon the vascular system, however, they 
act differently, tending to dilate the peri- 
pheral vessels, as well as the coronaries 
and renal vessels. The blood-pressure 
Iocs not fall, but may instead be slightly 
raised, owing to the augmented heart 
action (Haynes). The stimulant action of 
caffeine on the vasomotor center is want- 
ing with theobromine; this is believed to 
account for the ease with which it main- 
tains the kidneys in a state of increased 
secretory activity, no constrictor impulses 
reaching the renal vessels from the vaso- 
motor center no matter what the dose of 
theobromine given. 

Theobromine appears to possess to a 
certain extent, in common wdth caffeine, 
the property of dilating the walls of the 
bronchioles when these are in a state of 
constriction, as in the acute asthmatic 
paroxysm. It slightly increases general 
muscular power. Rost found in the dog 
that from 10 to 30 per cent, of the large 
doses given could be recovered in the 
urine. A part of the theobromine ingested 
by any mammal appears to be demethyl- 
ated to monomethylxanthine before excre- 
tion. According to Aubel, theobromine 
may be found in the urine of man six hours 
after a dose of diuretin has been ingested, 
and after twenty-four hours it has com- 
pletely disappeared. 

UNTOWARD EFFECTS.— Although it 
has been reported that in some patients as 
much as 150 grains (10 Gm.) of diuretin 
can be given without any untoward re- 
sult, such large doses will not infrequently 
induce headache, nausea and vomiting. 


Diarrhea is the most frequent unpleasant 
accompaniment bf the more moderate 
doses, up to 90 grains (6 Gm.) in the 
twenty-four hours. Other effects which 
have been witnessed are vertigo and tin- 
nitus aurium, and in occasional cases evi- 
dences of central nervous excitation, such 
as restlessness, insomnia, tremor, and a 
peculiar feeling of fear. Most adults, how- 
ever, bear 75 grains (5 Gm.) in a day well, 
and Hoffmann even found that debilitated 
patients could usually take up to 105 grains 
(7 Gm.) without disturbance. Krehl states, 
however, that after such large! amounts a 
collapse-like condition has been observed, 
and advises that 75 grains be not exceeded 
in twenty-four hours. 

Pawinski refers to the fact that diuretin 
may cause headache and tinnitus aurium 
‘‘like after salicylic acid preparations.” It 
is not unreasonable to suppose that, with 
the large doses often given, these symp- 
toms are actually due to the salicylic con- 
stituent of diuretin. Where they are so 
marked as to interfere with the use of the 
drug, the substitution for diuretin of theo- 
bromine sodioacetate (see Agurin) would 
seem advisable. 

In animals Sehroeder found the fatal 
dose of theobromine to be five or six times 
higher than with caffeine. Frankly toxic 
doses of diuretin are said to produce 
vomiting, diarrhea, free salivation, dysp- 
nea, elevation of temperature, cardiac 
acceleration, and diminished arterial pres- 
sure. 

THERAPEUTICS, — Theobromine sodio- 
salicylate is useful particularly in dropsy 
due to cardiac or renal conditions. In 
nephritis most clinicians recognize that it 
can be employed without danger of irri- 
tating the kidneys. Among cases of renal 
disease the best results are seen in acute 
nephritis. Advanced chronic nephritis is 
not infrequently refractory to its action, 
though Klemperer states that in cases of 
moderate severity daily doses of 60 to 90 
grains (4 to 6 Gm.) will increase the 
amount of urine 1 to 2 liters. In paren- 
chymatous forms of nephritis, a number 
of observers credit the drug with the prop- 
erty of diminishing the albuminuria, at 
least temporarily. In the initial stages of 
uremia, good results from it have been 
reported. * 
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In cardiac disease diuretin is useful for 
several purposes. It is not only helpful as 
a diuretic in valvular disease with edema, 
in which condition it may frequently be 
combined with digitalis with advantage, 
but is sometimes useful as a substitute for 
drugs of the digitalis group when these 
prove inefTective in pronounced chronic 
myocarditis, the theobromine in it in this 
case exerting an action similar to that of 
caffeine — though less pronounced and con- 
stant, according to Sonnenkalh. The heart 
beats are strengthened and sometimes 
slowed. 

A patient advanced in years, suffer- 
ing from arteriosclerosis and diabetes, 
had survived more than a hundre<l 
attacks of severe pulmonary edema. 
Fifteen grains (1 Gni.) of diuretin, 
given during an attack, always im- 
proved the heart action. Roscnfeld 
(Allgem. med. Zentralzcit., No. 
1909). 

Theobromine is believed to dilate the 
coronary vessels — unless so sclerosed as to 
be rigid — much more than caffeine. This 
doubtless accounts for the excellent results 
reported from its use in moderate doses in 
angina pectoris. According to Pauli and 
Kaufmann, it sometimes acts so promptly 
in this condition that the attacks are 
checked almost at once. Tn some instances 
the patient remains free from the parox- 
ysms when the drug, after a period of con- 
tinuous use, is left off; in other cases it 
must be given again after a short period 
of rest. 

The following combination of the drug 
with sodium iodide may be administered 
in anginal states: — 

B TheobromincB sodio- 

salicylaiis f3j (4 Gni.). 

Sodii iodidi gr. viij (0.5 Gm,). 

AqucB menthtcp pip- 
erita:, 

Aquee destillatce aa fjiij (90 c.c.). 

M. Sig. : To be taken at intervals in 
one day. 

In marked types of angina, viz., those in 
which the pain is wholly projected to the 
back, shoulders, arms, lower jaw, etc., the 
drug has proven of the same utility as in 
angina pectoris. A number of clinicians 


have also praised its prompt action in the 
so-called “angina abdominis” or arterio- 
sclerotic colic, ostensibly due to tempor- 
ary spasm of already partially sclerosed 
mesenteric vessels. It is considered by 
Breuer to reduce the abnormal irritability 
of these blood-channels. According to 
Burwdnkel, the diagnosis of abdominal 
angina can be made in cases of obscure 
abdominal i)ain through the rapid relief 
afforded by theobromine compounds. 

Von Noorden uses it as prophylactic 
against the anginal attacks seen with 
lesions of the coronary arteries, as well as 
those met with in chronic tobacco poison- 
ing and neurasthenia, tlieol)romine is usu- 
ally more effective than the iodine prep- 
arations. Theobromine sodiosalicylate 
should be given in doses of 7]A to 9 
grams (0.5 to 0.6 Gm.) three times a day; 
larger amounts are unnecessary and are, 
perhaps, less effective. 

In arteriosclerosis in general, the drug 
seems to prove useful in the hands of some 
observers. It has been especially recom- 
mended in the headache of arterioscle- 
rotics; here doubtless the salicylate com- 
ponent is sometimes responsible for the 
results noted. As already intimated, theo- 
bromine tends to overcome undue excita- 
bility of the vascular tree, thus preventing 
it from going into spasm or overcoming 
the spasm where it exists. This would 
seem to account for the benefit noted by 
Kaufmann in intermittent claudication. It 
applies both to vascular neuroses without 
organic lesion and to arteriosclerosis in its 
earlier stages. Loeb refers to a useful 
effect of diuretin in cases of arterioscle- 
rosis where the heart gives out owing to 
increased demands made upon it and be- 
cause the thickened coronary vessels do 
not supply it with sufficient blood. 

According to Van den Vclden and 
others, theobromine sodiosalicylate will 
effectually remove the bronchial spasm in 
cases of asthma, relieving the distress en- 
tirely or nearly so within fifteen minutes 
if the drug be ingested at the beginning of 
the attack. The dose to be Used is 15 grains 
(1 Gm.) in water, which is repeated once, 
or rarely twice, if there is no relief after 
ten or fifteen minutes. The drug does not 
seem to lose its effect, even after daily 
use for some weeks., S. 
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DIVERS’ PARALYSIS. See 

'Compressed Air, Disorders Due to. 

DIVERTICULITIS, INTESTI- 
NAL. —This condition, though seldom 
rccogni/ed, is relatively common. Tl con- 
sists of hernial protrusions formed of the 
mucosa of the descending colon or sig- 
moid flexure (seldom above and ceasing 
at the rectum) through the thinned mus- 
cular layer. The protrusions may be very 
numerous — several hundred in some cases 
— and vary in size from that of a millet 
seed to that of a cherry, often the latter. 
They often contain fecal masses which 
assume the density of concretions. All the 
coats of the intestine ma}’ be involved; the 
diverticula may ulcerate through these, and 
their contents awaken peritonitis: or the 
latter may be caused by pathogenic or- 
ganisms which penetrate the gut. Acute 
or gangrenous inflammation of a diverticu- 
lum with ulceration into the bladder may 
occur. 

fA personal case showed adhesion to the 
posterior portion of the bladder with con- 
siderable thickening of the latter at the 
area of contact. This area was finally per- 
forated, and fecal matter passed into the 
bladder, though in small quantities, which 
were voided by the urethra. A mild cys- 
titis resulted, but this ceased after resec- 
tion of the sigmoid flexure and closure of 
the bladder by W. Wayne Babcock, of 
Philadelphia. Though colon bacilli per- 
sisted in the urine some time, recovery 
ensued. C. E. oe M. S.] 

S 3 miptoms. — No symptoms may suggest 
the presence of diverticulitis until perfora- 
tion occurs, causing peritonitis, left iliac 
abscess, cystitis, etc. There may be pain 
of a neuralgic character deep down in the 
pelvis (as in my case), owing to pressure 
upon abdominal plexuses or adhesions. 
Constipation and the passage of repeated 
small stools, sometimes ribbon-like, often 
suggest cancer; this is especially apt to be 
the case when a chronic inflammation of 
the submucous and serous coats occurs. 
Any acute catarrhal inflammation may 
give rise to pain, tenderness, correspond- 
ing on the left side to that of appendicitis 
on the right, and swelling of the left in- 
guinal region, with rigidity of the rectus, 
fever and leucocytosis. 


Complications. — ^As a result of infection 
through intestinal diverticula, J. W. Keefe 
(Boston Med. and Surg. Jour., Feb. 22, 
1917) enumerates the following grave, and 
not infrequently fatal, complications: (a) 
chronic extramucosal inflammation, fre- 
quently resulting in tumor formation and 
simulating carcinoma; (/?) peritonitis re- 
sulting from the perforation of a diver- 
ticulum; (r) abscess formation; (d) in- 
testinal obstruction, due to adhesions of 
the inflammatory mass to contiguous 
structures; (c) fistulje and fistulous tracts, 
particularly between intestine and urinary 
bladder; (/) chronic mesenteric; (ff) me- 
tastatic suppuration in the liver; (h) 
malignant changes. 

Diagnosis. — At>pendicitis sometimes causes 
confusion, particularly when left sided. 
Tuberculous colitis may be identified some- 
times by finding tubercle bacilli, pus and 
blood in the stools; the tuberculin test is 
helpful. 

In 3 cases of diverticulitis with ront- 
genologic findings reported by R. D. Car- 
man (Annals of Surg., Ixi, 343, 1915) the 
patients were somewhat obese. The sal- 
ient symptoms were: abdominal pain, 
usually severe, often localized in 'the sig- 
moid or descending colon; constipation 
was the rule. Vesical symptoms, as fre- 
quency and tenesmus, were occasionally 
noted. Tn every case where the sigmoid 
was involved, a mass could be felt. Proc- 
toscopic examination was positive in one 
case where a partial intussusception had 
taken place. Blood was absent from the 
stools owing to the extramucosal location 
of the disorder. 

The X-ray findings may aid in the fol- 
lowing way: the position of the cecum in 
differentiating it from left-sided appen- 
dicitis. Filling defects may be present in 
the plates in both carcinoma and diverti- 
culitis, but the presence of extraluminal 
shadows would suggest diverticulitis. 
Where a carcinoma developed upon a 
diverticulitis, the characteristic extralum- 
inal shadows would be present, while if 
the shadows were absent the growth 
would suggest a carcinoma. 

Phleboliths or calcified glands give 
shadows resembling diverticula filled with 
bismuth or barium; if situated high in the 
sigmoid, palpation during a screen exami- 
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nation may reveal the fact that they do 
not move with the bowel. Lower down 
the bowel is not sufficiently movable to 
make this differentiation. The opaque in- 
j^ested meal offers less chance than the 
bismuth enema of detecting diverticula. 

Etiology. — Diverticulitis occurs more 
frequently in males than in females and 
may occur at any age, though most fre- 
quently observed during the sixth decade, 
and occasionally later. Obesity is pres- 
ent in more than one-half of the cases. 
Prolonged retention of feces, flatulence, 
constipation, mesenteric congestion, con- 
genital laxity of the connective tissue 
around the vessels, and muscular defi- 
ciency, local or general, of the intestinal 
wall, leading to dilatation, are frequent 
causes. 

Treatment. — This depends upon the 
character of the lesion./ Acute peritonitis, 
cystitis, or intestinal obstruction demand 
celiotomy and resection of the diseased 
segment with end-to-end anastomosis, 
after carefully cleansing out the intestine. 
When recognized before perforation oc- 
curs high enemas, fluid diet and rest in bed 
sometimes cause an acute attack to cease, 
and further attacks may be warded off by 
the frequent use of saline aperients to keep 
the stools soft. High olive oil irrigations 
are also of value. 

The surgical procedures that are appli- 
cable in most cases, according^ to J. W. 
Keefe (Boston Med. and .Surg., Feb. 22, 
1917) are as follows: through a left rec- 
tus or muscle splitting incision in the left 
iliac region, the left lower quadrant is 
explored, and if an abscess is found it is 
drained. Although some surgeons advise 
the removal of the diverticulum coinci- 
dently with the draining o'f the abscess, 
deferring this to a later time, when a 
more extensive operation can be under- 
taken with less hazard to the patient, is 
favored by the writer. The two-stage 
operation often gives good results. A 
loop of the bowel containing the affected 
area is drawn through the abdominal 
wound, and the walls of the normal 
bowel above and below this mass are 
stitched together. The two portions of 
the bowel below the loop of the intestine 
withdrawn are then sutured to the 
parietal peritoneum. About 48 hours 


later the diseased area of the bowel is 
removed with a cautery, thus completing 
a colostomy. A secondary operation may 
be performed at some future time, and 
the openings in the bowel closed. 

In cases of fistula between the bowel 
and the urinary bladder, the surgeon 
should first make a careful cystoscopic 
examination, to determine the size and 
location of the opening in the bladder. 
The peritoneal cavity is then opened, the 
adherent colon and diverticulum sep- 
arated from the bladder, and the opening 
in the latter is now ebised. The involved 
colon may tlicn be resected and end-to- 
end or a lateral anastomosis made, but 
here, too, the more conservative two- 
stage operation should be the choice in 
many instances. As to the relative ad- 
vantages of lateral compared with an 
end-to-end anastomosis, the former, when 
wc have sufiicient bowel to work with, is 
preferable on account of the greater 
tendency in the latter to leakage at the 
mesenteric border. 

Statistics from various authorities have 
shown conclusively tliat extensive resec- 
tions of intestine, done in the presence of 
infection, as is always the case in opera- 
tions for diverticulitis, arc, in a large per- 
centage of cases, fatal. S. 

DIVERTICULUM, MECKEL’S 

— Pathology. — Meckel’s diverticulum, 
which is found in children with a fre- 
quency of 1 in (30 or 1 in 1(K), is very 
often, as stated by Bienvenu (These de 
Paris, 1912; Siirg., Gynec. and Obstet., 
Feb., 1913), the cause of early jiatho- 
logical conditions, of which intestinal 
occlusion is by far the most frequent. 
This may be produced mechanically 
(volvulus, invagination, or strangulation) 
or by inflammation (an old diverticulitis). 

Diverticulitis may be plastic or sup- 
purative. In the latter case the general 
picture of peritonitis may be present, as 
in appendicitis. There are 2 phases of 
inflammatory occlusion — the first, pseudo- 
appenilicular; the second, occlusion. Be- 
yond this the symptomatology is not 
clearly defined. 

Diagnosis. — Meckel diverticulitis may 
be assumed, according to Bienvenu 
(These de Paris, 1912), when perium- 
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bilical pains are present, when there is 
marked swelling in the umbilical region, 
with an associated low temperature and 
quickened pulse; tlie abdomen only later 
becomes slightly rigid and tympanitic. 
The co-existence of another malforma- 
tion, in particular a tumor or a fistula of 
the umbilicus, should be taken into con- 
sideration in making a diagnosis. 

Disease of Meckel’s diverticulum seems 
to be uncommon, although the organ in 
some form is found in 1 to 2 per cent, 
of people. According to J. P. C. Griffith 
(Jour. Anier. Med. Assoc., May 23, 1914), 
it may be the scat of the following con- 
ditions: Strangulation of the intestine by 
the diverticulum or its remains; persist- 
ence of the diverticulum, with an opening 
at the umbilicus; formation of a cystic 
tumor; concretions of varying size in the 
diverticulum; superinvolution of the di- 
verticulum; stenosis of the ileum by a 
short diverticulum attached to its distal 
extremity or elsewhere; invagination of 
the diverticulum, liable to be followed by 
an ileocecal intussusception; volvulus of 
the diverticulum, or of the ileum; hernia 
of the diverticulum; inflammation of the 
diverticulum. 

The diagnosis of diverticulitis is sum- 
marized as follows: 1. Localization of 
pain and tenderness, not so often at Mc- 
Burney^s point as somewhat higher and 
to the right of the umbilicus, or even 
about it, or in some entirely different 
legion. 2. An area of puffincss or of firm 
resistance in this region. 3. Absence or 
slight degree of meteorisni, at least early 
in the attack. 4. Blood in stools and 
vomited matter. 5. Previous existence of 
an umbilical fistula, or of some malfor- 
mation elsewhere. 

E. Kirmisson (Bull, de TAcad. de med., 
Apr. 25, 1916) draws attention to the pos- 
sibility of confounding intestinal obstruc- 
tion due to constriction of Meckel’s di- 
verticulum with acute appendicitis. 

Treatment. — The treatment of intestinal 
occlusion due to diverticulum varies, as 
stated by Bienvenu (These de Paris, 
1912), with the case — simple resection of 
the diverticulum, resection of intestinal 
flexures, or the formation of artificial 
anus. Whenever in the course of any 
operation the presence of a diverticulum 


is discovered, it should in every case be 
removed. If an operation, following ab- 
dominal complaints, should prove the ap- 
pendix to be in a healthy condition, it will 
be well to examine the last few centi- 
meters of the ileum for a persistent di- 
verticulum. 

In troublesome cases of Meckel’s di- 
verticulum open at the umbilicus, form- 
ing a fecal fistula, Kirmisson (Bull, de 
I’Acad. de med., Apr. 25, 1916) first ligates 
the pouting margins of the canal to pre- 
vent outflow of feces, next incises around 
the umbilicus through the peritoneum, 
delivers the diverticulum and loop of in- 
testine to which it is attached, ligates the 
diverticulum at its base, removes it with 
the thermocautery, buries the stump, and 
closes the abdomen. Three cases were 
thus treated successfully. Infants oper- 
ated on for this condition should be 
l)reast-fcd to improve their resistance. 

S. 

DOVER’S POWDER. See 

OriuM. 

DROPSY. See Ascites and 
Kdema. 

DROWNING. —In most cases in- 
dividuals who have been asphyxiated 
from submersion in water for over five 
minutes arc dead when they are taken 
out, but modern research has shown that 
the vital spark lingers long in the body 
cells and all efforts to revive the victim 
should be made, long after the live min- 
utes have elapsed. Cases have been re- 
vived after immersion had considerably 
exceeded the usual limit, some as much 
as one-half hour. 

Two cases of individuals who had 
been in the water for a time consid- 
erably longer than is usually fol- 
lowed by recovery. They tended to 
show that the best method of arti- 
ficial respiration without apparatus 
is that of Sylvester, where there is 
but one operator, and the combined 
Sylvester and Howard methods, as 
suggested by A. H. Smith, where 
there are two or more to assist in the 
work. These are the methods pre- 
scribed in the regulations of the 
Life-saving Service. The first case 
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had been submerged 23 minutes, and 
the second nearly half au hour, and 
yet the boy recovered after an hour. 
Trask (Milit. Surgeon, May, 1007'). 

The first thing to be done is to promote 
the expulsion of the water from the res- 
piratory passages. The best way to do 
this is to hold the patient in the vertical 
position the head downward. This is 
especially applicable in the case of chil- 
dren, but sometimes difficult when the pa- 
tient is an adult. T.aying the patient ab- 
domen down over a barrel will some- 
times act as a su])stitute. The next thing 
to do is to perform artificial respiration, 
of which there are several metliods. 

If any considerable quantity of 
water has entered the bronchial 
tubes, unless it is very quickly ex- 
pelled by a voluntary effort, such 
cases are hopeless. The condition is 
shown by the continued expulsion of 
froth when artificial respiration is 
performed, although the mouth and 
pharynx have been well wiped out 
before commencing. Barnes (Lan- 
cet, June 18, 1910). 

Artificial Respiration. — Marshall Hall 
Method. — The following method was first 
described by Marshall Hall in 1857: The 
patient is alternately rolled from the 
lateral to the prone position, pressure be- 
ing made on the back between the shoul- 
der-blades while in the prone position. 
The advantage of this method is that the 
tongue does not fall back, obstructing the 
flow of mucus and water from the mouth. 

Sylvester Method. — Sylvester described 
another method in 1858, but one disad- 
vantage is that at least three persons arc 
required to perform it. The patient is 
placed upon his back with a small roll 
under the neck, the shoulders being 
slightly raised. The arms of the patient 
are grasped just above the elbows by the 
operator, and gently moved away from 
the body to a point over the head. The 
ribs are thus raised and the capacity of 
the chest increased. 

The arms are then Ijrought down to the 
side, the elbows flexed and pressed 
against the chest. This decreases the 
capacity of the chest and expels the air 
from the lungs. 


With the exception of the Brosch- 
Sylvester method, the Schafer 
method of artificial respiration gives 
the greatest respiratory exchange for 
each thoracic movement. in addi- 
tion to this, there is free drainage for 
the lungs. Ilitchings (Jour. Amer. 
Med. Assoc., Nov. 23, 1912). 

Howard Method. — Still another method 
was described by B. Howard, of New 
York, in 18o8. The operator kneels over 
the patient and exerts jiressure on the 
lower part of the chest, diminishing the 
chest capacity. The pressure is then re- 
lieved, thus increasing the chest capacity. 
But in this method the tongue tends to 
fall back into the pharynx; the ribs may 
be fractured, especially in senile subjects, 
when they are quite brittle, and the liver 
is liable to be ruptured, as it is enlarged 
and congested in such cases. 

Schafer Method. — The “prone pressure” 
method seems to be the best so far intro- 
duced. It was first described in 1890 by 
E. A. Schafer, of Edinburgh. 

In cases of drowning the prone 
pressure method of artificial respira- 
tion is always indicated. Its advan- 
tages are: (1) that it is fully effi- 
cient; (2) that it can be performed 
without fatigue by a single individ- 
ual; (3) that it is simple and easily 
learned, and (4) that it allows the 
tongue to fall forward and the mucus 
and water to cscai)e from the mouth, 
so that the tendency of these to 
block the passage of air, which is in- 
herent to the supine position, is alto- 
gether obviated. It can be applied 
equally well in attempting to revive 
a patient whose respiration has 
ceased in consequence of an over- 
dose of chloroform or other anes- 
thetic. Schafer (Jour. Amer. Med, 
Assoc., Sept. 5, 1908). 

The prone pressure or Schafer 
method of resuscitation is prefer- 
able to any of the other manual 
methods. Third Resuscitation Com- 
mission (Surg., Gynec. and Obstet., 
Jan., 1919). 

The patient is placed in the prone posi- 
tion, vertical pressure being applied over 
the ribs, the operator kneeling beside the 
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patient. This causes the thorax and ab- 
dorncm to he compressed against the 
grenind, the pressure on the latter forcing 
the viscera upward against the diaphragm, 
which moves upward, forcing the air from 
the lungs. 7’he pressure is then relaxed 
and the parts return to their normal posi- 
tion, thus drawing the air into the lungs. 
This procedure is i)erformed about twelve 
times a minute. 

']'he patient should be kept as warm as 
possible, woolen blankets being wrapped 


suit of a number of afferent impulses 
partially paralyzing the vasomotor 
center, and so causing a rapid fall in 
blood-pressure; the result of this is 
that the greater portion of the blood 
of the body stagnates in the splanch- 
nic area, and the brain, including the 
circulatory and respiratory centers, 
is robbed of its proper supply, and 
these centers are still further de- 
pressed. The result to be aimed at, 
therefore, is the driving of the blood 



Pig". 3,— Stimulating respiration by slapping and massage. 


around him after he has been thoroughly 
dried. During the artificial respiration 
gentle friction should be made always 
toward the center of the body. Artificial 
respiration should be continued as long as 
the heart continues to beat, and it is said 
the movements should be continued for 
from one to two hours after the heart has 
ceased to beat. 

The usual directions given for the 
treatment of the apparently drowned 
are to perform artificial respiration 
and apply warmth. If, however, wc 
look upon such as cases chiefly 
of shock, it is obvious that some- 
thing more than this may be done. 
Shock may be looked upon as the re- 


from the abdomen, so that the brain 
may receive its proper supply. This 
may be done by an attempt at auto- 
transfusion as follows: Having 

started an assistant on artificial res- 
piration, the author firmly bandages 
the legs from the feet upward. A 
roller towel is then passed round the 
patient’s abdomen, the two ends 
crossing in front. One assistant is 
told off to each of these ends. As 
the arms are brought down to the 
chest in the expiratory movement 
of artificial expiration (Silvester’s 
method) these two assistants, grasp- 
ing the towel ends firmly with their 
right hands, pull them, at the same 
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time making pressure on the abdo- 
men with their left hands. In this 
way considerable squeezing of the 
abdomen is obtained. As the insf^ira-- 
tory movement commences the pres- 
sure is relaxed so as not to interfere 
with the expansion of the lungs. The 
process is continued synchronously 
with the movements of artificial res- 
piration. The idea is that this acts 
beneficially in two ways: (1) it as- 
sists, by pressing on the diaphragm. 


seems hardly to apply in cases of 
drowning, as when once reaction has 
set in recover}?^ is usually rapid. Ad- 
renalin chloride given hypodermically 
(30 minims— 1.8 c.c. of a 1* 1(X)0 solu- 
tion) should act beneficially by rais- 
ing the blood-pressure. Barnes (Lan- 
cet, June 18, 1910). 

The patient, reviving, should be re- 
moved to a warm room and kept quiet, 
and later such stimulation and tonics 
should be given as is deemed necessary. 



Fig. 4.— Expelllngr water from lungrs and stomach. 


to more completely empty the chest 
with expiration; (2) it squeezes some 
of the excess of blood from the ab- 
dominal cavity. The bandaging ai 
the legs and arrangement of the 
towel can be very quickly carried out 
with assistance, of which there is usu- 
ally no lack in these cases. Gravity 
should also be made to assist the 
flow of blood to the brain by keeping 
the head at a lower level than the 
body. The writer gives a hypodermic 
injection of ether (30 minims — 1.8 
c.c.) and usually one of strychnine as 
well. The objection to the use of 
these stimulants — that 4iey stimulate 
an already tired center and arc quickly 
followed by increased depression — 


In some cases of drowning attrib- 
uted to cardiac failure the .swimmer 
simply loses consciemsness from cere- 
bral anemia — i.c., he faints, goes un- 
der, and inevitably perishes unless 
help is at hand. Apart from disease, 
such as aortic disease or cardiac dila- 
tation, several other causes may 
bring about such a state of things. 
Among them are severe and pro- 
longed muscular effort prior to 
swimming, and flatulent dyspepsia. 
Every person in the habit of .swim- 
ming in deep water should have a 
medical examination from time to 
time. To enter the water with a full 
stomach is probably as dangerous as 
with an empty one. About two hours 
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after breakfast or lunch is the best 
time. When the intestines have been 
emptied by a purgative and the cir- 
culation depleted thereby, swimming 
in cold water should be avoided. 
Lawrie (Brit, Med. Jour., Sept. 16, 
1905). 

The following details on the prevention 
of drowning, rescuing, and the treatment 
of the apparently drowned, published in 
the Pennsylvania Health Bulletin of May 
12, 1912, under the auspices of Dr. Samuel 


kept up for a long time without tiring. 
If unable to keep the head above the sur- 
face constantly, every time it goes under 
the mouth should be closed and the 
breath held, thus preventing strangulation. 

‘"Prevention of chilling the body is of 
the greatest importance, and if there is 
long-continued exposure in the water as 
in the case of ship-wrecks, it is advisable 
to put on an abundance of woolen cloth- 
ing, if at all possible. 

“In salt water when the current sets out 



Pig. S.^Induclng Inspiration (more than one operator). Tongue held by handkerchief. 


G. Dixon, the Commi.ssioner of Health, 
are so helpful that we take the liberty of 
presenting them practically in toto : — 
“Prevention. — When in danger of being 
drowned the individual should remember 
that in order to keep afloat the hands and 
arms should be kept under the water and 
in motion; when they are held out of the 
water, the head is almost immediately 
submerged. It is not at all difficult to 
ke^p afloat, if this rule is followed, as the 
human body is of nearly the same specific 
gravity as water. If one can keep his 
presence of mind a very slight up and 
down motion of the hands and feet, pad- 
dling as a dog swims, will be sufficient to 
keep the head above water, and can be 


from land, as when the tide is going out, 
it is a mistake to struggle to reach the 
land. One should throw himself upon his 
back, whether alone or encumbered, and 
await help from the shore. Many persons 
perish by exhausting themselves in vain 
attempts at swimming, especially against 
the current, when it would have been safe 
to float with the face up, and to wait until 
rescued. 

“Rescuing. — If there is no one present 
who can swim when an individual is 
drowning, a plank or any piece of wood or 
rope should be thrown to him to which to 
cling, urging him to keep his hands under 
water and to keep both hands and feet in 
motion. 
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"Before swimming to the rescue of a 
drowning person, one should relieve him- 
self of as much clothing as can be quickly 
thrown off. Be sure to loosen the legs of 
drawers if they are tied at the ankle. If 
this is not done, the garment is likely to 
fill and to act as a drag. 

"Do not touch the drowning person so 
long as he still struggles. Wait until he 
becomes quiet, otherwise he may grapple 
with you and render you helpless. As you 
approach the drowning person, assure him 


person who is being saved, above water. 
By maintaining the position described — 
the re.scuer on his back and the rescued 
lying face up on the rescuer’s stomach — 
one also will find that it is possible to 
float for quite a long time. 

"If the person sinks before being 
reached, watch for the bubbles rising from 
the lungs, which wnll often enable you to 
locate the body. In flowing water al- 
lowMiice must be made for the direction 
and rapidity of the current, as it will carry 



pjjf, 6.— Inducinpr expiration (more than one operator). 


in a firm voice that he is in no danger if 
he will keep quiet. Catch him quickly by 
the hair or collar, or under the arms, turn 
him on his back and give him a quick pull. 
(Pig, J,) 

"This last movement will bring him well 
up on the surface of the water for a 
moment. Now quickly throw yourself on 
your back and haul his back up to cover 
your stomach; the back of his head will 
then be on your chest; with both hands 
holding him, one placed on each side of 
the lower jaw, swim for your destination. 
(Fig. 2,) 

"If one is a good swimmer he will get 
to safety in this way sooner than any 
other. Moreover, one will be able to keep 
his own face, as well as the face of the 


the bubbles down stream from the body. 
In diving after a body you should seize it 
with one hand only, leaving the other free 
to be used in rising to the surface. 

"First Treatment of the Apparently 
Drowned. — The first impulse in discover- 
ing the body of a drowned person is to 
summon a physician. Unfortunately, how- 
ever, under circumstances attending this 
accident the physician is so infrequently 
present or within reach that the most 
valuable time is lost in searching for one. 
lTl>on discovering a body every effort 
should be made at once to resuscitate the 
victim. It is of the utmost importance 
that everyone should understand the few 
simple measures necessary to retain life; 
and, .as it may be necessary to maintain 
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efforts for a long time, it is important 
that all methods should involve as slight 
an outlay of the rescuer’s strength as pos- 
sible. In each instance the aim should 
be to restore breathing. If the heart has 
ceased to beat the person is probably 
dead, but the time recpiired to determine 
whether this is the case may be fatal. 
Efforts tn restore respiration should be 
begun at once. Very efficient methods for 
the restoration of rospiratitm by various 
mechanical devices arc in use by large 


mouth free from the ground, keeping the 
face turned down and heading to the wind, 
as you want all the movement of air pos- 
sible. Place a roll of blanket or clothing 
under the upper portion of the abdomen 
just below the tip of the breast-bone, as 
shown in Figure 3, Turn his body on its 
side for a moment and slap the bared 
chest smartly two or three times with the 
open hand and let him fall into his for- 
mer position. J.) 

‘Tf the patient does not immediately 



Pifif. 7.— Indnclug inspiration (one operator). Tongruo held between the teeth. 


industrial corporations and by many in- 
stitutions, and are of service when one is 
apparently dead from electrical shock or 
from inhalations of w^ater, gas, smoke, or 
poisonous vapors. The following method, 
if carefully carried out, will give maximum 
results : — 

‘‘Rule I. Preliminary Treatment. — Do 

not move the patient far from the scene of 
accident unless he is in danger of freezing. 
Do your best to keep people from crowd- 
ing around and shutting off the air. Wipe 
dry the mouth and nostrils, quickly open 
the clothing sufficiently to expose the 
chest and waist. Turn him upon his face, 
placing one forearm or some other prop 
under the forehead to keep the nose and 


begin to revive, proceed according to 
Rule II. 

“Rule II. To Expel Water from the 
Body — Separate the jaws and keep them 
apart by inserting something hard be- 
tween the teeth — a piece of wood, rock, or 
cork, anything to keep the mouth open. 
(Fig. ^.) 

“Take position astride the patient’s hips 
with your elbows resting upon your own 
knees, and your hands over the body 
ready for action. Make pressure on the 
base of the chest until the flow of water 
from the lungs is slackened. Relax and 
again make pressure, alternating relax- 
ation and pressure until the lungs are 
empty. This procedure should not last 





DROWNING. 


349 


. longer than thirty or forty seconds and 
I permits the entrance of sufficient air to 
stimulate respiration. 

“Rule III. To Produce Breathing. — Clear 
the mouth and throat of mucus ])y means 
of a handkerchief, piece of garment or 
any rag wrapped around the forefinger. 
If ammonia, bay-rum, or ether is at hand, 
use the fumes to stimulate respiration by 
holding the bottle in front of the nose. 
Turn the patient upon his back with the 
roll so placed under him as to elevate the 


stomach above the rest of the body. Let 
an assistant, using a handkerchief, draw 
the longue out at the corner of the mouth 
and keep it projecting between the lips 
(this prevents the tongue dropping back 
and closing the windpipe). Now let an- 
other assistant, placing himself above the 
patient’s head, grasp the patient’s arms 
just below the elbows and draw them 
steadily upward and over until they ex- 
tend past the head, parallel with the 
ground, the hands meeting, as in Figure 5 . 

“(This movement expands the chest and 
induces inspiration.) The person at the 
head now moves the patient’s arms down 
beside the body as in Figure 6, 

“The assistant who holds the tongue. 


changing hands if necessary, so as not to 
interfere with this movement. Just be- 
fore the patient’s arms reach the position 
last dcscri])ed, the man standing over the 
body will grasp it with b(Hh hands, let- 
ting the balls (base) of the thumbs rest on 
cither side of the pit of the stomach, and 
allowing the lingers to fall into the de- 
pressions between the short ribs. Now 
using his knees as a jiivot he will, at the 
moment the patient’s hands touch the 
ground, throw (but not too suddenly) all 


his weight forward on his hands and at 
the same time squeeze the waist, increas- 
ing the pressure while he slowly counts 
four, and after a final push lets go. (A 
child or a delicate person should of course 
be handled more gently.) At the instant 
the pressure on the chest is released, the 
Operator at the patient’s head will again 
draw -the arms upward and hold them ex- 
tended beside the head while the count of 
four is repeated. This manipulation of 
the arms and chest is called the bellows 
movement. It should be kept up delib- 
erately and perseveringly. 

“If natural breathing be not restored 
within, say, four minutes it may be because 
the air-passages are obstructed by mucus 



Fig:. 8.— Inducing expiration (one operator). 
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or water. In any event turn the patient 
again upon his chest and do as directed 
in Rule II, rolling the body over in the 
opposite direction from that in which it 
was turned when the rule was first fol- 
lowed. After repeating the directions of 
the rule turn the j)atient once more upon 
his back and continue artificial respiration 
for from one to four hours, or until 
breathing is established or a physician has 
declared him dead. 

.“While care should be taken not to in- 


“With rolled blanket of clothing under 
his back, take position above the patient^s 
head; grasp arms near the wrists and 
draw them steadily upward and forward 
(movement to induce inspiration) as in- 
structed in Rule TIT. Next lower them 
(here the operation differs from that em- 
ployed when two persons are working the 
bellows movement) to the patient’s sides, 
bend them and bring them toward each 
other until the hands meet over the lower 
ribs, then press downward and inward 



Pig". 9.— Inducing Inspiration by relaxation of pressure. 


terfere with the action of those working 
the bellows movement, the limbs of the 
patient should be rubbed from the very 
beginning if a sufficient number of per- 
sons are at hand. The rubbing should be 
done akvays toward the body with a firm 
grasping pressure, using the bare hands, 
dry flannels, or handkerchiefs. If pos- 
sible, warmth of the body should be pro- 
moted by the application of heated flan- 
nels to the stomach, and hot-water bags 
or heated bricks or stones to the limbs 
and soles of the feet. 

**When No Assistants are at Hand. — If 
one person must work alone, first, do as 
directed in Rules I and II, then place the 
patient face up, as in Figure /. 


with a firm, steady pushing movement, as 
in Figure 8. 

“Repeat these movements while count- 
ing as directed in Rule III. If the jaws 
be separated the teeth may be made to 
hold the tongue at the corner of the 
mouth by passing a handkerchief under 
the chin and tying it over the head. 

“Alternate Method. — If the patient has 
been in the water for a long period of 
time or, if for any reason the work of re- 
suscitation depends upon only one per- 
son, the following method can be used and 
can be kept up for a longer time without 
great exhaustion. 

“The patient is placed on his abdomen 
in the position shown in Figure 3, The 
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operator kneels across the patient as in 
Figure g, the hands being placed at the 
base of the chest over the lowermost ribs 
in such a way that the extended fingers 
are about six inches below the armpits. 

P.) . 

“Now swing your body forward so as to 
have your weight fall at a slight angle on 
the wrists; the elbows are braced against 
the knees so that the weight of the body 
is augmented by such pressure as may 
be had by forward pressure of the feet and 


breathe, the process of artificial respira- 
tion should be stopped. Place the patient 
on his back and press the base of the 
chest every oilier time he breathes out, as 
described under Rule III, Figure 6. This 
should be continued until he can breathe 
naturally (not too rapidly) without assist- 
ance. As soon as this is accomplished the 
measures described as the “After Treat- 
ment” should be carried out. 

“Rule IV. After Treatment. — As soon as 
breathing is established the patient should 



Pig. 10.— Producing expiration by direct pressure. 


legs; the legs act as the fulcrum. (PiV/. lo.) 

“This makes lateral and slightly up- 
ward pressure on the base of the chest 
and expels the air from the lungs. Swing 
back, releasing the pressure as .shown in 
Figure p, and the lungs fill by normal ex- 
pansion. 

“Repeat this motion slowly, about 12 
times per minute, exerting no more force 
than is necessary to cause a deep expira- 
tion. The latter can be estimated by the 
sound made by the air escaping from the 
mouth and nostrils. (Be careful not to 
make too deep, sudden, or violent pres- 
sure, as injury may be done to the organs 
beneath.) 

“When the patient is beginning to 


be stripped of all clothing, wrapped in 
blankets and put to bed comfortably 
warm, but with plenty of fresh air. 
Whisky, brandy, or other stimulants, and 
hot water, should be given in teastioonful 
or dessertspoonful doses, at intervals of 
ten or fifteen minutes during the first 
hour. 

“After reaction is fully established there 
is danger of congestion of the lungs, and 
if perfect rest is mjt maintained for at 
least forty-eight hours the patient may be 
seized with great difficulty in breathing. 
If this happens death is likely to occur 
unle.ss immediate relief is afforded. In 
such cases a large mustard plaster should 
be applied to the ch^st. Should the pa- 
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tient begin to gasp before the plaster 
takes effect, carefully assist respiration by 
the bellows niuvenieiit as explained in 
Rule JJJ.” 

Accessory Measures. — Various accessory 
measures may be employed to assist re- 
suscitation. Prominent among these is 
adrenalin chloride, 30 drops with saline 
solution (at 108'’ F. — 42.2'’ C'.) injected in- 
travenously, or into the radial as recom- 
mended by ( rile, d'he needle of the saline 
solution apparatus is the one introduced 
into the vessel, while the hypodermic 
syringe containing the adrenalin is plunged 
into the rubber tube of the apparatus, and 
the drug allowed to mix with saline solu- 
tion drop by drop. When this measure 
cannot, for one reason or another, be car- 
ried out, intramuscular injections of 10 to 
20 minims (0.6 to 1.2 c.c.) of adrenalin 
may be tried. Bleeding is advocated by 
some others particularly with the above 
measures carried on simultaneously. 

The Laborde method, which consists in 
drawing out the tongue, held with a hand- 
kercliief to prevent slipping, rhythmically 
eighteen times a minute, is very helpful, 
assisting greatly artilicial respiration. 
Oxygen, ready to be inhaled as respiration 
is resumed, greatly hastens recovery. 

The induced current, one pole being 
applied over the j)hrenic nerve and the 
other over the sixth costal interspace, on 
either side, the sponge being moi.stened 
in salt water to insure penetration, some- 
times causes violent contractions of the 
diaphragm, which also aids the artificial 
respiration method carried on simulta- 
neously. 

When nothing seems to cause the heart 
to resume its beats, pricking of the heart 
with a sterilized or carefully washed 
shawl-pin, through the chest wall, will 
sometimes suddenly cause it to resume its 
beats. As a last resort, opening of the 
abdomen to practise heart massage (see 
page 138 in the third volume) might be 
tried. 

All methods indicated in the treatment 
of shock ((7.7’.,) or a.sphyxiation by gases 
are as applicable to the treatment of 
drowning. 11. and S. 

DUBINI'S DISEASE. See 

Chorea. 


DUBOISINE is the poisonous alkaloid 
of the leaves of Duboisia myoporoides, a 
plant growing in Australia. It crystallizes 
in fine, colorless needles, and is considered 
practically identical with hyoscyamine. The 
drug is not official. 

PREPARATIONS AND DOSE.—This 

alkaloid is generally used in the form of 
duboisine sulphate, the dose being %oo to 
grain (0.0003 to 0.0013 Gm.). 

PHYSIOLOGICAL ACTION.-Dubois- 
ine sulphate is used as a sedative, hypnotic, 
and mydriatic. It tends to disturb digestion, 
producing a disagreeable taste in the mouth, 
excessive dryness of the mucous membranes, 
and a loss of appetite. In those having an 
idiosyncrasy it may cause sweating and 
salivation. It is said to decrease the quan- 
tity of urine and to have a deleterious 
effect upon nutrition. Jt is rather irreg- 
ular in its action. 

THERAPEUTICS. — Duboisine sulphate 
may be used instead of atropine to produce 
mydriasis before ophthalmoscopic examina- 
tions, the after-effects being less persistent 
than when atropine is used. It is recom- 
mended in the night-sweats of phthisis and 
vesical tenesmus. The drug may also be 
u.sed for its sedative effect in great mental 
excitement. Dc Montyel found that large 
do.ses of duboisine produced vomiting in the 
insane without any evidence of nausea. In 
epilepsy and paralysis agitans the drug is 
sometimes useful, Vion grain (0.0006 (Jm.) 
Ining given three times a day. It may be 
employed as a hypnotic in insanity, and is 
said to be less dangerous than hyoscinc. 

H. 

DUOTAL. See Guatacol Car- 
bonate. 

DYSENTERY, or Bloody Flux. 

DEFINITION. — An intestinal flux 
of bacillary or amebic origin, occur- 
ring sporadically or in endemic or epi- 
demic form. The large bowel (rarely 
the small intestine also) is the seat of 
an intense inflammation with* ulcera- 
tion, necrosis or gangrene, character- 
ized clinically by frequent, serous, 
bloody stools, with more or less 
mucus, with tormina and tenesmus, 
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and, in the acute phases, accompanied 
by fever. 

VARIETIES. — Two definite types 
exist, etiologically considered, viz., 
bacillary and amebic, though pseudo 
forms may result from dietetic errors, 
mechanical or chemical irritants or 
ptomaine poisoning, rarely from para- 
sites. True dysentery differs in its 
cause, course, severity, type of lesion, 
complications, mode of transmission, 
and geographical distril)ntion. It is 
customary with some authors to speak 
of dysentery other than amebic, as 
catarrhal or diphtheritic or, more cor- 
rectly, diphtherial ; but we shall con- 
sider it from the etiological standpoint 
as bacillary and amebic. 

Both the bacillary and amebic 
types of dysentery were moderately 
prevalent in both the French and 
English armies. The amebic form 
occurred during all seasons of the 
year, while the bacillary form oc- 
curred only in hot weather. At 
some portion of the front the Shiga 
infection was most important, at 
others those due to the other strain.*?. 
A number of persons suffered simul- 
taneously from both infections. Park 
(Med. Assoc. Greater City of N. Y.; 
N. Y. Med. Jour., Nov. 2, 1918). 

BACILLARY DYSENTERY. 

This may develop in any inhabited 
region of the globe, increasing in fre- 
quency and severity as the subtropi- 
cal zones are approached. It occurs 
sporadically or in endemics or epi- 
demics. Our knowledge concerning 
the common origin of these various 
forms, the Bacillus dyscntcruc varying 
only in certain minor details, we owe 
especially to the work of Flexner and 
his pupils, Vedder and Duval, 

Sporadic dysentery speaks for the 
ubiquitousness of the causative or- 
ganism as it may arise anywhere and 
at any season, especially in the senile. 


less frequently in children, and par- 
ticularly in those whose nutritional 
state for any reason is depraved. 
Endemic dysentery is a disease of 
warm climates, vvliere it may l)e met 
at any season, though of greater inci- 
dence during the periods of greatest 
heat, and more or less constantly in 
the tropics, where seasonal variations 
are less j)ronounced. 

llpidcmic Dysentery.— \t long inter- 
vals this has occurred over great 
areas, arising in scattered foci, often 
remote from one another, subsiding 
during the colder periods to rea])pear 
with increasing violence during the 
summer, and jn^rhaps reappearing 
over a period of several years. Local 
outbreaks are more common, how- 
ever; indeed, they are the rule during 
hot, dry seasons in most of the coun- 
tries of continental luirope. Epi- 
demics also occur in such institutions 
as jails or asylums, homes for chil- 
dren or the aged, and in camps or 
barracks. These may occur at any 
season, but the two chief factors of 
collateral import are heat and drought. 
The hygienic and social status of 
people are likewise of determining 
importance. Bacillary dysentery is 
always endemic in the Philippines. 

SYMPTOMS.— The incubation 
period, according to Strong and Mus- 
grave, does not exceed forty-eight 
hours. The invasion is usually 
abrupt, occasionally preceded by con- 
stipation, u.sually ushered in with 
diarrhea, which in some instances 
does not in itself excite suspicion as 
to its real character. Fever, abdomi- 
nal pain, and frequent stools are 
usually the first symptoms, with loss 
of appetite and malaise. At first 
mucous stools; then bloody, even 
pure blood, with distressing tormina 

-23 
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and tenesmus, the pain being most 
intense about the umbilicus and 
radiating over the outer confines of 
the abdomen especially, accompanied 
by nausea, sweating, and more or less 
collapse. Any food or drink at once 
excites peristalsis. The desire to 
evacuate, at first temporarily relieved 
by a movement, becomes constant and 
increased by the act. In consequence 
of frequent, irritating stools, the anal 
region and rectum become intensely 
inflamed, at first with increased 
sphincter contraction, then relaxation 
and, still later, rectal prolap.se. As in 
any case of severe diarrhea, there is 
a tendency toward vesical tenesmus 
also, probably due to the close 
autonomicocerebrospinal association 
of bowel and bladder. Frequent, 
burning micturition results. During 
the early stages, within the first few 
hours in fact, the appetite is more or 
less completely lost, the tongue is 
coated, and the patient complains of 
chilliness and fatigue. A moderate 
fever may exist. Occasionally the 
disease is ushered in with a rigor, 
though rarely. In the most acute 
cases the apogee may be reached in 
forty-eight to sixty hours, the sufferer 
having almost constant stools with 
great pain, thirst becomes intense, 
delirium supervenes, and death may 
occur from the third to the fifth day. 
In less severe types the course may 
extend over several weeks, the fre- 
quency of the stools gradually lessens, 
the pain abates, temperature falls to 
normal, though the patient may re- 
main weak and anemic for some time. 
A mild icterus occurs in some indi- 
viduals during the course of an at- 
tack. Vomiting is not a prominent 
feature in this condition. The urine 
is diminished in proportion to the 


severity of the malady, and a febrile 
albuminuria develops. Considerably 
more albumin is lost in the serous 
stools. In most cases lasting a 
number of days, the heart becomes 
rapid, the heart muscle becomes weak 
and irritable, so that a small, rapid 
pulse often occurs, and may persist 
for some time after convalescence is 
established. The most severe cases 
run a short course with a high mor- 
tality. The less acute forms may ex- 
tend over a period of many weeks, 
emaciation progressing to a marked 
degree. In every epidemic, cases are 
met with in which the chief or even 
the only symptom is diarrhea, and 
but for their relation to other cases in 
the same locality, and the fact that 
the dysentery bacillus has been found 
in the stools of such individuals, their 
true nature would pass unrecognized. 
Sporadic ca.ses of the same character 
are met with in temperate zones 
which run their course with little or 
no fever. Probably many of the diar- 
iheas occurring in bottle-fed babies 
are of this character, as we now know 
that form to be which is most apt to 
occur during the summer months, 
and which is often called cholera 
infantum. Diphtheritic dysentery is 
merely one form of bacillary dysen- 
tery, in which the intensity of intes- 
tinal involvement is so great as to 
result in marked infiltration and ne- 
crosis of the mucosa. Apparently 
mild cases may quickly become grave 
by the development of gangrenous 
foci, or the case may have been of 
great intensity from its incipiency. 
These latter are spoken of as primary 
diphtheritic or gangrenous types, the 
former as secondary gangrenous or 
diphtheritic dysentery. Shreds and 
sloughs of the mucosa may be seen in 
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the stools as well as pus and blood. 
Rarely a cast of the bowel may be 
passed. These cases, when well de- 
veloped, belong to the most severe 
and fatal type, and though recovery 
may occur, it is not the rule; fall of 
temperature, collapse, dry tongue, 
coma — in short, the typhoid state 
precedes death. 

The mortality statistics of epi- 
demic dysentery are given by Vaillard 
and Dopter for the following coun- 
tries: Japan, 24 per cent. (Shiga); 
Moscow, 12-17 per cent. (Rosenthal); 
Westphalia, 11 per cent. (Kruse); 
Toulon, 6-9 per cent.; Brittany, 20-50 
per cent.; Finisterre, 50-60 per cent.; 
the difference in the severity of the 
disease being due, according to these 
authors, to differences in the viru- 
lence of the bacilli. Corney (Jour. 
London School of Trop, Med. ; Austral. 
Med. Jour., June 15, 1912). 

Chronic dysentery differs chiefly in 
the milder but more protracted course. 
The patient becomes weak, anemic, 
more or less emaciated, and presents 
an array of gastrointestinal disturb- 
ances in which diarrhea of the lien- 
teric type is a prominent feature. 

COMPLICATIONS AND SE- 
QUELS . — A not infrequent compli- 
cation is joint involvement. Some ob- 
servers have dignified this condition 
by a special classification, — arthritic 
dysentery. This is not justifiable. 
The relationship was noted by 
Sydenham, who said “there was pain 
in the muscular parts of the body — 
especially at the joints — like' the pain 
of rheumatism. Besides this, there 
was an inflammation of the fauces; 
like (but milder than) a quin.sy.” He 
noted, too, that this tendency was 
more marked in some epidemics and 
during some seasons than in others. 
This has been confirmed by modern 
observers. The large joints particu- 


larly are involved, but cardiac com- 
plications, i.e,, valvular involvement, 
play no part, though in any severe 
case of dysentery the heart muscle is 
affected to a variable degree. Other 
serous membranes may be attacked, 
however, pleurisy or pericarditis re- 
sulting. Peritonitis may occur with- 
out perforation, though, as a rule, it is 
due to separation of deep sloughs with 
consequent perforation. A periprocti- 
tis may be caused in the same 
manner. Thrombosis is a jiossilile 
though not a common complication. 
Pyemic iflienomena may arise, such as 
pylephlebitis, mycotic abscesses in 
other organs (as the spleen, for in- 
stance, which may spontaneously 
rupture), septic nephritis or parotitis, 
with chills and fever. Since malaria 
may be a concomitant infection in 
some cases, an examination of a fresh 
or stained blood-smear should be 
made. Apart from the multiple ab- 
scesses of a ])ylephlebitis, not a 
common complication, a single ab- 
scess of the liver is even less common 
in bacillary dysentery. In temj)erate 
climates there are no phenomena as- 
sociated with an attack of this type of 
dysentery, which may be directly as- 
cribed to the liver, enlargement of 
that organ and jaundice being so ex- 
ceptional. In the tropics, however, 
the so-called “tropical liver” occurs so 
frequently that it is not surprising 
that the chronic congestion and en- 
largement become more pronounced 
in the course of an attack of dysen- 
tery. A heaviness in the right hypo- 
chondrium, with pain on pressure, and 
more or less jaundice are the rule. A 
rigor may bespeak the development 
of a liver abscess, but this latter often 
proceeds so insidiously as not to at- 
tract special attention. 
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Marcans identified hepatic abscess 
by the pain in the rip^ht shoulder, the 
leucocytosis with p(jlynucleobis, and 
repealed X-ray examination. The 
first radioscopy was misleading- Re- 
peated exploratory puncture was also 
useful. Zancarol was unable to dis- 
cover the abscess in one case even 
with thirty punctures. In case of in- 
version of the viscera the diagnosis 
may be almost impossible, as in a 
case seen by Alvarez in which the 
patient was finally cured by resection 
of two ribs on the left side and 
evacuation of a large hepatic absces.s. 
A. ChauflFard ( Bull.' de TAcad. de 
Med., May 5, 1908). 

('ases of dysenteric abscess of the 
liver in France which showed the 
same characteristics as the tropical 
abscess. It may follow a mild dysen- 
tery which may not have attracted 
attention, and it may run a latent 
course simulating a tuberculous proc- 
ess in the lungs, pneumonia, pleurisy 
or a suppurative hydatid cyst. In 
acute suppurative hepatitis with mul- 
tiple abscesses, or an abscess with 
necrosis, the general symptoms may 
suggest typhoid fever or severe jaun- 
dice and the actual abscess be over- 
looked. The principal complications 
of these bacillary liver abscesses are 
adhesion between the focus or foci 
and the colon; perforation into the 
air-passages or pleura; pus collecting 
below the diaphragm, multiple ab- 
scesses in the left lobe of the liver, 
and postoperative bile fistula. Boinet 
(Bull, de TAcad. de Med., June 29, 
1909). 

In long-standing cases, where ane- 
mia has become marked, edema oc- 
curs, in part due to the blood change, 
and no doubt in part the consequence 
of a weak heart muscle. A rare com- 
plication of bacillary dysentery is 
multiple neuritis. 

The sequelae are not as common as 
one would expect from the nature of 
the disease. Many individuals never 
completely recover their health, espe- 


cially after the more chronic forms of 
the disease, intractable dyspepsia and 
intestinal irritability remaining. 

Of 71 cases of tuberculosis inves- 
tigated 11 patients (15.5 per cent.) 
had a well-marked history of recent 
chronic dysentery. It is probable, 
that dysentery was a predisposing 
factor in a larger proportion of the 
fatal cases, because the fact of there 
having been repeated attacks of 
dysentery would not be noted in a 
necropsy report on a case of tuber- 
culosis unless the connection was 
very strong or unless one were 
specially looking out for such cases. 
Gillitt (Indian Med. Gaz., Dec., 1910). 

Cicatricial stenosis is rare. The 
symptoms are those of a slowly pro- 
gressive and chronic obstruction of the 
bowel, swollen and tender abdomen, 
flatulency, paroxysms of intestinal 
colic, small and difficult stools, with 
increasing toxemia. Death may be 
due to obstruction or to some inter- 
current malady. Prolapse of the rec- 
tum, hemorrhoids, proctitis, cystitis, 
chronic nephritis, anemia and edema 
may also be numbered among possible 
sequeke. Relapses may occur during 
or even after convalescence, especially 
in those addicted to alcohol. Undue 
physical effort or the use of irritating 
food may invite reinfection. 

Features of a relationship the 
writer has found to exist between a 
‘‘crisis^^ or period of sudden improve- 
ment in cases of acute bacillary 
dysentery and the elimination of 
chlorides. Early in the disease there 
is oliguria. The elimination of urea 
is diminished in afebrile cases; that 
of chlorides is almost nil (0.2 Gni. in 
1 instance), while that of phosphates 
is relatively but little decreased. In 
cases tending toward recovery there 
occurs a sudden increase in the 
urinary chlorides to above the normal 
amount, in addition to polyuria. 
'While the salt lost through the alvine 
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discharges early in the affection may 
be considerable, and the intake is 
low owing to dietary restrictions, 
these circumstances do not wholly 
account for the low chloride climi> 
nation. The author concludes, there- 
fore, that there is a systemic reten- 
tion of chlorides in this affection. 
Successive injections of 150 and 200 
c.c. of salt solution in an adynamic 
case of dysentery were badly borne, 
inducing restlessness and dyspnea. 
L. E. Bertrand (Bull, de I’Acad. de 
med., Nov. 28, 1911). 

DIAGNOSIS. — Bacteriological ex- 
amination of the stools, while yielding 
definite results, is a difficult and time- 
consuming procedure. Agglutination 
of a known culture of the Shiga or 
Flexner-Harris type by means of the 
patent’s serum is the most practical 
procedure. Both of these will react, 
the Shiga to a less extent than the 
Flexner-Harris, however. 

Taken in conjunction, the iodine 
reaction of the polynuclear leuco- 
cytes and the production of nuclear 
pseudopodia in the polynuclears per- 
mit a rapid and differential dia- 
gnosis between bacillary and amebic 
dy.sentery. A well marked iodine 
reaction and the absence of nuclear 
pseudopodia indicate bacillary infec- 
tion, while the exact reverse is indi- 
cative of an amebic infection. A 
mixed infection is indicated by the 
presence of positive reactions to 
both tests. The application of these 
two tests gives correct results in at 
least 90 per cent, of early cases. 
The iodine test is performed by in- 
cubating a drop of blood between a 
slide and cover glass for 1 hour to 
obtain adherent polynuclears, which 
are washed clean with a little nor- 
mal saline. The 2 films of white cells 
are then mounted in 1 per cent, 
iodine in potassium iodide and the 
proportion of cells containing mauve 
colored droplets is determined, the 
size of the droplets being also noted. 
In bacillary infections from 60 to 80 


per cent, of the cells will give the 
reaction, as compared with about 50 
per cent, for normal persons. In 
some of the long-standing cases of 
amebic dysentery, in which there is 
marked ulceration and secondary 
bacillary infection, the iodine re- 
action will be found positive and in 
such cases the diagnostic value of 
the test is much impaired. G. M, 
Findlay (Lancet, Jan. 25, 1919). 

As in the ca.se of tyidioid fever, in 
which J. ]\TcCray showed that it takes 
six days for agglutinins to develop, so 
in bacillary dysentery, this test can 
only be used after the sixth or seventh 
day. Tn the c])idemic, asylum or in- 
stitution ty])e, bacillary dysentery is 
not difficult of recognition now^adays, 
and to these we are justified in adding 
the summer diarrheas of infants, espe- 
cially occurring in the bottle-fed. 
The sporadic case, however, can only 
be suspected, more or less strongly, 
without laboratory diagnosis. 

The writer holds macrosco/^ic af/f/hi- 
iination is more reliable than micro- 
scopic in the recognition of bacillary 
dysentery and detection of carriers. 
The test become.s positive by the 7th 
day, and was positive in 75 per cent, 
of cases examined early in the course 
of epidemics, though less frequently 
later. Guimaraes (Brazil-nied., July 
12, 1924). 

The author warns that a child with 
high fever, convulsions and diarrhea 
should be suspected of having l>acillary 
dysentery, especially if the stools con- 
tain mucus and are blood-tinged. One 
negative laboratory report means noth- 
ing. A stool si)ccinicn should be sub- 
mitted twice daily for at least 3 days. 
In the absence of an epidemic, the 
cases of non-specific enterocolitis so 
far outnumber the dysentery cases 
that serum treatment is not necessary 
until a j)ositivc diagnosis has been 
made. Connor and Bates (Proc. In- 
tern. Conf. on Health Probl. in Trop. 
Amer., 1924). 
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Where gangrene of the intestinal 
mucosa suj)ervcncs, the peculiar odor, 
profound infection, and the passage of 
foul, necrotic sloughs or casts will 
serve to render diagnosis compara- 
tively easy. 

The diseases most often confounded 
with dysentery are carcinoma, polypi, 
and syphilis of the rectum; hemor- 
rhoids and, in those returning? from 
the tropics, bilharziasis. The follow- 
ing points should be remembered: 1. 
Amebic dysentery, unless skilfully 
treated at the beginning, runs usually 
a chronic course, while the bacillary 
form lasts only from four to eight days 
in mild cases and from three to six 
weeks in serious ones, 2. In the 
amebic form no bacilli can be found 
except under the rare conditions of a 
mixed infection. 3. Toxic symptoms, 
such as high fever, rapid emaciation, 
and nerve complications, exist in 
bacillary dysentery, but not usually 
in the amebic form. 4. Liver abscess 
* is a frequent complication of amebic 
dysentery, and docs not exist in the 
uninixed bacillary form. Sandwith 
(Lancet, Dec. 7, 1907). 

Case of dysentery due to the rare 
monad, Balantidium coU. I'he disease 
has been attributed particularly to 
the habitual consumption of fresh 
sausage, the parasite being commonly 
found in the intestine of the hog. 
Those who handle hogs or assist in 
the preparation of hog sausage are 
liable to contagion. Taboadela (Sani- 
dad y Beneficiencia, Jan., 1911). 

An outbreak of bacillary dysentery 
studied by the writer presented the 
following features: {a) Sudden onset 
and brief duration; (/;) evidence that 
the infection was w^ater-borne; (r) 
Shiga’s bacillus as the infecting agent 
in all cases; (d) evidence of the per- 
sistence of Shiga’s bacillus when ex- 
perimentally introduced into water 
and food; (e) noteworthy results of 
agglutination tests when applied both 
to dysentery convalescents and to 
those who had presumably been ex- 
posed but had escaped illness. G. S. 
Buchanan (Lancet, Aug. 10, 1918). 


Many commonplace disorders sim- 
ulate dysentery: Syphilitic ulceration 
of the rectum; large fungating malig- 
nant growth in the rectum; advanced 
tuberculosis of the lungs, with extensive 
tuberculous ulceration in the small and 
large bowel; schistosomiasis infection 
only; paragonimus dysentery; hetero- 
pliyses dysentery; ankylostomiasis; bal- 
antidial dysentery, and pseudodysenteries, 
such as from foreign bodies impacted in 
the rectum above the anus. Low (Brit. 
Med. Jour., Feb. 21, 1920). 

The form of dj'^sentery due to Balan- 
tidium coli was observed by the writers. 
It requires 8 or 9 months to develop. 
Their case also yielded to emetine. 
Vedel and Baumel (Arch, des mal. 
de Tapp, dig.. No. 4, 1922). 

A similar case is recorded by the 
writer which rapidly improved under 
benzyl benzoate. Haughwout (Philip. 
Jour, of Sci., June, 1920). 

As to the clinical differential dia- 
gnosis of amebic and bacillary dysen- 
tery, Blackham offers the following 
])oints : 

Amkbic. 

1. Always chronic in its course. 

2. Pyrexia rare. 

3. Toxic symptoms not i>resent except 
when there is liver abscess. 

4. Liver abscess occurs in about 16 per 
cent, of cases. 

5. Small intestine frequently attacked. 

6. Undermined ulcers present. 

Bacillary. 

1. Acute in onset and running a rapid 
course. 

2. Pyrexia common. 

3. Toxic symptoms usually present. 

4. Liver abscess never occurs. 

5. Disease confined to the large intestine. 

6. Ulcers usually formed on surface folds 
of intestine. 

ETIOLOGY. — Season. — In tem- 
perate zones dysentery is far more 
common in summer than during the 
fall, spring, and winter, in the order 
mentioned. In the tropics, where the 
seasons are marked according to rain- 
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fall, the temperature being more 
equable, the incidence of dysentery is 
greater after torrential rainfalls, the 
probable explanation being the pollu- 
tion of sources of drinking-water. 

Sot /. — Infected soil may continue 
to harbor the specific organism and 
give rise to recurrent outbreaks ; how 
long it remains viable in soil is not 
definitely known. Both in temperate 
and tropical regions, marshy soil 
seems more prone to invite outbreaks 
than dry regions. Fecal pollution is 
naturally a most important element. 

Food and Drink . — Famine or the 
use of improjier h^ods, this latter es- 
pecially in the tropics, may deter- 
mine outbreaks. F'ecal pollution of 
drinking-water or the transference 
of infection to food by flies are self- 
evident possibilities in causing more 
or less widespread outbreaks. 

Exhaustion and Exposure. — Tn- 
somnia, prolonged and exhausting 
effort or profound worry, all i)lay a 
role. Fatigue for any reason and 
severe exposure may so lower resist- 
ance as to encourage the develop- 
ment of dysentery, which, under 
these conditions, is apt to carry with 
it a high mortality. 

Other Diseases . — Dysentery may 
occur as a terminal infection among 
the aged or children, especially in in- 
stitutions, or it may complicate de- 
praved states during the course of or 
as a terminal, infection in other dis- 
eases, as in pneumonia, tuberculosis, 
Bright's disease, cystitis, etc. 

Age . — No age Is exempt; even the 
fetus in utero has been found affected 
by Marckwald. (Munch, med. Woch., 
1901, p. 1920). Children at birth have 
been found with an infection which 
developed during intra-uterine life, 
having been contracted from the 
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mother who was ill at the time with 
dysentery. The summer diarrheas of 
infants have been shown by Duval 
and Bassett (“Studies from the 
Rockefeller Institute,” 1904, ii) to be 
due to one of the varieties of the 
Bacillus dyscntcruv; so, too, with the 
cases of so-called asylum dysentery 
reported by Vedder and Duval (Jour, 
of Exp. Med., 1902, vi, No. 2), and 
with the institution outbreaks in 
homes for the aged. In the tropics a 
large part of the high mortality rate 
among children is due to dysentery. 

Sex . — Not a factor per se, only in 
so far as habits and greater exposure 
increase the susceptibility of the 
male. 

Race . — No racial predilection. All 
people of all ages in all climes would 
best express the situation, the general 
predisposing factors previously enu- 
merated being the important deter- 
minants. 

Occupation . — The working classes 
being more exposed through fatigue, 
dietetic restriction or errors, and poor 
hygienic environment than the well 
to do, arc naturally more prone to the 
disease. In country districts the lack 
of sanitation invites a more ready de- 
velopment than in cities, while in 
those exposed to great heat, as 
engineers, firemen, and cooks, are 
more liable in consequence. 

BACTERIOLOGY.— One time the 
colon group of organisms were be- 
lieved to play a role in the production 
of dysentery, and it is possible that 
their increased pathogenicity in the 
presence of inflammatory states of the 
bowel may add to the symptoms, but 
they do not occupy any direct rela- 
tion in an etiological sense. Despite 
Shiga's painstaking work published 
in 1898 (Centr. f. Bact, 1898, xxiii, p. 
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599, and xxiv, p. 817), and almost at 
once confirmed by other observers, 
even in 1902 Bertrand (Rev. de med., 
July 10, 1902) stated his belief that 
dysentery was caused by an increase 
in virulence of the micro-organisms 
normally inhabiting the intestinal 
tract, and not to any specific germ. 
So, too, Booker believed with respect 
to the summer diarrheas of children. 
These he ascribed to a variety of bac- 
teria, the most important in his 
opinion being the streptococcus and 
proteus vulgaris. Calmette (Archiv. 
de med. navale. Sept., 1893) also found 
a coccus having all the properties of 
Streptococcus erysipelatosus and the 
Bacillus pyocyancus, both regarded by 
him as causing dysentery among the 
natives of Cochin China. A similar 
enterocolitis has been described by 
Adami and 1-artigau as occurring in 
the northern part of the United States 
and in Canada, and they also isolated 
the Bacillus pyocyancus, L. F. Barker, 
of Johns Hopkins, and others have also 
reported several cases due to the same 
organism. Calmette succeeded in 
producing hemorrhages and ulcera- 
tion of the stomach and intestines by 
the injection into rabbits of a culture 
of Bacillus pyocyaneus. Enteritis and 
enterocolitis are undoubtedly due in 
some instances to subvarieties of the 
colon group, notably the organisms of 
Gartner and Escherich. 

Studies of 300 stools' during an epi- 
demic which broke out simultane- 
ously in several small foci in a mili- 
tary district in the late summer of 
1917, established clearly the role of 
Shiga’s bacillus in the more severe 
and clinically typical cases, while in 
the mild the Shiga organism was 
generally wanting and was replaced 
by aberrant bacilli of the dysentery 
group. The Shiga bacillus was iso- 
lated in large numbers from 43 


cases, and in dishes of lactose litmus 
agar at times almost completely re- 
placed the normal intestinal flora, 
no colonies of colon bacillus being 
found. In 26 milder cases a number 
of different forms of organisms 
were found, which did not corre- 
spond to any of the classical types 
of dysentery bacillus and never oc- 
curred in the severe or fatal cases. 
Rezangon, Ranque, Senez, Coville, 
and Paraf (Bull, de I’Acad. de Med., 
Mar. 26, 1918). 

The first studies of a definitely 
practical character, however, ema- 
nated from Shiga, as already stated. 
In his paper in 1898, on the epidemic 
form of dysentery occurring in Japan, 
he insisted that an organism, to be 
regarded as the direct cause of dysen- 
tery, must be constantly present in 
cases of dysentery, yet not nomial to 
the host, and that it should be patho- 
genetic and capable of causing lesions 
in experimental animals similar to 
those occurring in the one from which 
the culture was made, and, finally, in 
man, it should agglutinate with the 
blood of those harboring the disease. 

Of late years the view has become 
more generally accepted that no 
organism is under all conditions fixed 
and definite, but that gradations exist, 
so to speak. For instance, from the 
colon group on the one end to the 
typhoid group on the other, innumer- 
able variations pertain; so, too, with 
the streptococci and all other micro- 
organisms. Nor is the dysentery 
bacillus an exception. Here, too, a 
group arrangement exists. Two pre- 
dominant types, however, have been 
described, the first by Shiga, which 
was isolated from the patients suffer- 
ing with dysentery in Japan, and the 
second Flexner obtained from dysen- 
teric cases in the Philippines. This 
is spoken of as the Flexner or Manila 
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type. It has since been shown, how- 
ever, that both of these types occur 
not only in Japan and the Philippines, 
but also wherever dysentery occurs, 
and that the two types may even be 
associated in the same individual. No 
differences can be detected in the 
morphology of various types. They 
are rod-shaped, rather short, some- 
what resembling the typhoid bacillus, 
though a little fuller and the ends arc 
round. Duval and Vedder were able 
to demonstrate flagella, but it is now 
generally accepted that only very 
young cultures develop motility in 
the organisms. They stain readily, 
often irregularly, and decolorize by 
(jram’s method. They grow readily 
upon the culture media most com- 
monly employed in laboratories, the 
growth being best obtained at a blood 
temperature. They do not peptonize. 
They do not coagulate milk, which 
becomes at first slightly acidified and 
later amphoteric or faintly alkaline, 
indol production being present in 
some and absent in others. Probably 
the widest differences exist in their 
fermentative properties, though gas 
is not formed in any of the sugars. 
They also differ in their property of 
agglutination. This is so marked 
that Kruse was led to describe what 
he termed true and false dysentery 
bacilli. This is, however, unjustifi- 
able, as all of the species of virulence 
of a common type and the variation 
in agglutination are but a matter of 
degree. It has been found that the 
power to produce agglutination may 
be increased by .successive cultiva- 
tions on various media. It has been 
noted, however, that though cultiva- 
tion is possible through perhaps 
several generations, it is not possible 
to continue them indefinitely. This 


varies with the type of organism, 
some showing a property of growth 
even after many transplantations. It 
may be stated, however, that the cul- 
ture media should be slightly alkaline, 
as even minimal traces of acids 
seriously militate against the growth; 
consequently siigfeir media, particu- 
larly if fermentable, will not prove 
satisfactory, owing to the acids re- 
sulting frenn the sugars. The various 
organisms arc not particularly resist- 
ant. They are at once destroyed by 5 
per cent, of carbolic acid solution and 
1 : 2000 corrosive sublimate. They 
are easily destroyed by saprophytes, 
and after ordinary conditions of soil 
or water contamination it is scarcely 
possible that they ever exist nvQV two 
weeks. 

The virulence of the various 
organisms is greatly diminished by 
culture. Though, as was shown by 
Marmorek in the case of streptococci, 
their virulence can be greatly in- 
creased by successive ])assage through 
laboratory animals, especially the 
guinea-pig. It seems, however, that 
an even greater degree of virulence 
can be obtained if intermediate cul- 
tures are made before transplantation 
from animal to animal. This seems 
peculiarly suggestive in the light of 
various outbreaks which occur from 
time to time, for it is probable that 
the organisms may be kept viable or 
have their virulence increased through 
the intervention of some of the lower 
animals. 

Immunization has been shown to 
be practical in animals; but as each 
immune serum best protects against 
the type from which it was prepared, 
a therapeutic serum to be of any value 
had best be polyvalent, that is, made 
from many strains. 
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Human Bacillary Dysentery , — Owing 
to the rapidity with which the dysen- 
tery bacillus is destroyed, cultures 
should be made from perfectly fresh 
fecal material, though scrapings from 
the mucosa may be made at necropsy 
and growth will result if this be done 
within twenty-four hours after death. 
Careful selection should be made from 
the stool, preferably from clumps of 
mucus, with or without blood. This* 
is placed in sterile salt solution or 
bouillon, thoroughly agitated or 
broken up with sterile glass beads, 
allowed to sediment for a few mo- 
ments; then agar tubes may be in- 
oculated successfully, the object being 
to effect dilution. These are then 
poured into Petri dishes and incu- 
bated at 37° C. for about eighteen 
hours. A very small, pearl-gray 
colony is then selected and trans- 
planted by means of stabbing a glu- 
cose-agar tube. The plates should be 
kept at room temperature for pur- 
poses of further comparison, and the 
stab cultures should be examined 
after six hours at 37° C. Only those 
tubes are subjected to further sub- 
cultures and agglutination tests which 
fail to show gas-bubbles. 

The discovery that the dysentery 
bacillus is’ the immediate etiological 
factor in dysentery, whether occur- 
ring in the tropics, subtropical or 
temperate zones, whether the disease 
occurs in epidemic form, institution 
outbreaks or sporadically, and, like- 
wise, that it is the cause of the pre- 
valent summer diarrheas of infants, 
naturally led to a query as to its 
source, mode of conveyance, and pos- 
sible saprophytic character. These 
questions cannot be unequivocally 
answered at present. Except in those 
instances in which infection can be 


clearly traced from infected persons, 
its source and mode of transference 
are unknown. It is found in the 
recent fecal discharges of infected 
individuals and at necropsy ; in the 
mucosa of the bowel, especially in 
the large intestine, where it pene- 
trates into the crypts, but outside the 
body, it is rapidly overcome by other 
organism.s. This latter fact, and its 
intimate relation with the mucosa, do 
not well accord with the view that it 
IS adapted to grow elsewhere. It has 
been recovered from the stools of ap- 
parently healthy children by several 
observers ; but as it may also be found 
in the stools of those apparently well, 
but exposed to infection during local 
or widespread outbreaks, just as 
cholera vibrio have been found in the 
stools of those exposed but unaffected 
during outbreaks of cholera, it can- 
not be denied that it may exist as one 
of the vast numbers of flora inhabit- 
ing the intestine of man, assuming 
pathogenetic properties under favor- 
able conditions the nature of which 
we are at present in doubt. The pre- 
valence of summer diarrheas of chil- 
dren and the etiological relationship 
to them which the dysentery bacillus 
group bears, and its similar intimate 
relation in causing institution and 
asylum outbreaks, argue for this 
hypothesis, and so too does the 
development of dysentery as a termi- 
nal infection in those in advanced 
stages of Bright’s disease, chronic 
heart disease, diabetes, hepatic cir- 
rhosis, malignant disease, and the 
like. 

We know beyond cavil that pneu- 
mococci, various pus organisms, 
tubercle bacilli, meningococci, even 
typhoid bacilli, as well as the spiril- 
lum of cholera, as previously stated, 
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may occur, some of them as constant 
inhabitlants of the human body, with- 
out any evidence of morbid activity. 
It is very possible, therefore, that 
everyone is a ‘'potential carrier,’" 
though in the more restricted sense 
carriers have only been proved to 
exist in the persons of those more or 
less recently actively infected. Local 
outbreaks have been traced to such 
individuals. It is not known how 
long the bacilli remain active in those 
who have had the disease, but there 
is no doubt that it may extend over 
many months. 

Carriers may be divided into two 
great classes. The first class con- 
sists of healthy persons, who have 
never suffered from the disease and 
show no signs of ill health, but never- 
theless harbor and scatter the specific 
organism. Tn the instance of bacillary 
dysentery this class is small and un- 
important. The author has never 
found a single case, but Conradi, 
Collins, and Mayer have been able to 
demonstrate such conditions in both 
children and adults living among 
those affected with the disease. In 
the second class are people who have 
had the disease and are thereafter 
unable completely to eliminate the 
infection. These incomplete conva- 
lescents form a high proportion of 
the cases of dysentery actually occur- 
ring. Macalister (Brit. Med. Jour., 
vol. ii, p. 1506, 1910). 

The existence of healthy carriers of 
IS. dysenteric in the Philippine Islands 
was demonstrated by the writer. 

The proof of this proposition was 
carried out by isolation of cultures 
which, according to the standard meth- 
ods of identification adopted, proved to 
be B. dysenteric. 

In the course of 3328 examinations con- 
ducted for the purpose of settling the 
question, 14 carriers were found, of 
whom 7 harbored the Shiga type, 6 the 
Flexner type, and 1 b:th the Flexner 
and Shiga types. A. Vazquez-Colet 
(Philippine Jour, of Sci., Oct., 1925). 


MORBID ANATOMY.— From the 
foregoing, in order to establish some 
type as a basis, it api)ears advisable 
to consider, iirst, the lesions occurring 
in the severer forms of dysentery of 
the epidemic ty])e, for of their true 
nature there can be no doubt. With 
these in mind, it will be possible 
to correlate those cases occurring 
especially in temperate zones, not 
necessarily groui)ed, often isolated 
examples in fact, such as one meets 
with in the summer diarrheas of in- 
fants. Clinically, there are acute and 
chronic types of dysentery. 1'he most 
marked lesions occur, as one would 
expect, in the epidemic and endemic 
forms, and, naturally, the severity and 
duration of the attack are factors 
which determine the extent of bowel 
lesion. In the most acute cases, 
where death supervenes after an ill- 
ness of a few days, the mucosa of the 
large intestine is swollen, injected, 
often of a very deep red color. The 
process begins on the tips of the 
mucous folds, then spreads to other 
portions. Apart from this more or 
less general hyperemia, minute extra- 
vasations and hemorrhagic foci may 
be seen, and the wall soon becomes 
edematous and covered with mucus. 
A pseudomembrane forms almost at 
once, at first irregular, patchy, but 
may become general. F.arly in the 
stage of its formation it may be wiped 
off, but in all likelihood, owing to the 
activity of the various pathogenic 
organisms present, foci of ulceration 
occur. In the most intense cases 
these ulcers may penetrate to and 
even through the serosa, purulent 
peritonitis resulting. Usually, how- 
ever, they dip down to the muscular 
coat. Mixed infection and dehiscence 
of the more or less necrotic mucosa 
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and false membrane give rise to these 
irregular, often extensive ulcers. The 
solitary lymph-follicles are swollen, 
often softened and may break down. 
The small intestine, always less in- 
volved, is more or less hyperemic, 
and the ileum, which is the region 
of the small bowel most markedly 
affected, may present the same 
character of pseudomembrane, even 
ulceration, and the lymph-apparatus 
throughout the small intestine may 
become swollen and in the ileum 
necrotic, as was noted in the large 
intestine. In the less acute cases the 
loss of continuity of mucosa is small, 
mere erosions, but the hyperemia is 
marked. In chronic cases the bowel 
wall, especially the wall of the large 
bowel, becomes thick, indurated; the 
serosa thickened in patches, often 
pigmented, and the mucosa beneath 
also pigmented, mark the site of re- 
cent ulceration. Healing by cicatriza- 
tion may slowly progress in areas, 
with ulcer formation in other place.?, 
and more or less distortion ; even 
stricture may result, or the bowel 
function be permanently modified in 
consequence of the changes resultant 
upon the various lesions. The bowel 
wall may undergo amyloid change 
due to prolonged suppurative lesion.?. 
Microscopically, the pseudomembrane 
is seen to consist of fibrin, entangling 
erythrocytes, and cells undergoing 
degeneration, the whole upon a 
mucosa undergoing coagulation necro- 
sis. Hemorrhagic extravasations and 
accumulations of Unna’s plasma cells, 
small round cells, polymorphonuclear 
neutrophiles and eosinophiles, and 
more or less degeneration of sub- 
mucosa and muscularis complete the 
picture. Abundant bacteria can be 
seen in appropriately stained sections, 


but cannot be recognized, except pos- 
sibly the streptococci. The epidemic 
form, both in adults and children, 
presents a common type, but those 
forms of bacillary dysentery occurring 
clinically as summer diarrheas of 
infants vary much. There may be 
merely hyperemia and edema of the 
large bowel, much less marked in the 
small intestine, with or without 
pseudomembranous formation, while 
in others hyperplasia of the lymphatic 
apparatus constitutes the chief fea- 
ture, and in some the pathological 
changes are very slight, scarcely 
amounting even to hyperemia. 

The bowel lesion results, in all 
probability, not from direct action of 
the bacilli, but from their toxin, which 
is eliminated by the bowel, after ab- 
sorption into the blood. Sweet and 
hlexner have .shown that the toxin 
enters the intestine in large part with 
the bile, for in experimental animals 
possessing a biliary fistula, lesions of 
the bowel are either prevented or at 
most are very trifling in character. 

PROPHYLAXIS.—It is of impor- 
tance to avoid the use of alcohol, in 
the tropics e.specially. Even in tem- 
perate zones the intemperate seem 
more prone to infection. All dis- 
charges from a patient should be dis- 
infected. Neglect of this procedure 
may invite a wide.spread outbreak, 
especially where sub.soil and water 
contamination are possible. Fatigue 
and exposure to heat or dampness in- 
creases one's susceptibility. Flies 
may spread the disease unless the de- 
jecta arc covered prior to disinfection. 
All excesses in food or the use of 
uncooked vegetables, celery, cress, 
salad or fruits may act as predispos- 
ing factors, or the uncooked foods 
may actually be the meuns of direct 
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infection through contaminated soil, 
just as we know them to be in the 
case of typhoid fever. The value of 
serum from horses immunized against 
dysentery, as well as bacterins, used 
prophylactically, are too recent to 
permit of an authoritative statement. 

The serious consequences from 
dysentery vaccines led the writer to 
try the effects of sensitized vaccines. 
The vaccines were stock ones of 
Shiga or Flexncr strains sensitized 
with the Lister Institute antidysen- 
teric scrum. The single doses of 
these vaccines never exceeded 1(K) nnl- 
lion. In most cases the results were 
very satisfactory. Leonard Rogers 
(Brit. Med. Jour., Jan. 1, 1916). 

Dysentery vaccination is of great 
importance practically. Since 1912, 
he has prepared a mixed dysentery 
vaccine, and also a vaccine contain- 
ing the mixed vaccine plus typhoid, 
paratyphoid A, paratyphoid R. Dys- 
entery vaccine of this type should he 
prepared with a carl)olic salt emul- 
sion from agar cultures without heat- 
ing, or peptone water cultures. 
Many strains of Shiga-Kruse bacil- 
lus should be inoculated in rabbits, 
and the least virulent, provided it be 
rich in antigen, should be kept per- 
manently as a stock culture. Brothi 
cultures should not be used, ( astel- 
lani (Brit. Med. Jour., Feb. 26, 1916). 

Proper disposal of the human de- 
jecta advised, together with adequate 
screening. T. J. Carey Evans (Brit. 
Med. Jour.„ Mar. 31, 1917). 

TREATMENT. — Whether mild or 
severe, acute or chronic, absolute rest 
in bed is necessary. A firmly applied 
flannel binder should be employed, 
with or without hot applications to 
the abdomen, either dry or moi.st, and 
the patient kept warm and free from 
all sources of irritation. Thirst is a 
very annoying symptom, but if the 
patient is vomiting absv>lutely nothing 
should be given by mouth. Fluid may 
be administered by hypodermoclysis 
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or, if the rectum will tolerate it, by 

enema. 

The diet is an important factor. 
Those who take it well should l)e 
given predigested milk or whey, ])ut 
special care should ]>e exercised to 
insure milk beyond suspicion. Lime 
water or barley water may be added 
with advantage, unless the milk is 
predigested. Rice, barley or oatmeal 
water or albumin water, strained 
gruels or chicken or other meat broth 
thickened with si^me cereal and 
strained should constitute the sole 
diet of those una])le to take milk or as 
variants with a milk diet. All alcohol 
should be avoided excc])t where pros- 
tration is marked, when wine whey, 
or brandy and milk may be given, 
also aromatic spirits of ammonia with 
a drop or two of chloroform in 
dram (2 (^m.) of Hoffman’s anodyne. 
Even after convalescence has been es- 
tablished, it is important to maintain 
the greatest care in the mailer of diet, 
adding very gradually the cereals, 
vegetables, and finally tlie meals. 

Early in the course of an attack, 
salines may be given, Glauber’s or 
Rochelle salt in one dose of to 1 
ounce (l.S to 30 Gm.) in the morning, 
or, if free purgation with a change in 
the character of stools is not pro- 
duced, this may be re])eated at four- 
hour intervals for twelve to twenty- 
four hours. One dram (4 Gm.) every 
hour may be given instead of the 
above. In some in.stances this will 
effect a prompt disappearance of 
blood and mucus. In the more severe 
forms this method usually fails and in 
the gangrenous stage should not be 
employed at all. Castor oil in 1- 
ounce (30-Gm.) doses may be given 
and repeated in eight to twelve hours, 
or calomel may be given in a single 
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large dose, followed in six to eight 
hours by a saline. Repeated doses of 
calomel are ai)t to add to the misery 
of an already inflamed anal region and 
rectum. Small doses of bichloride of 
mercury, gr. Vioo to %(> (0.00065 to 
0.001 Gm.) may be given every two 
hours. 

Adrenalin by the mouth quiets the 
abdominal pain and tenesmus of 
bacillary dysentery. When j?iven 
every 1 or 2 hours it is possible to 
keep the patients entirely free from 
pain. In an experience with 300 
cases he found that even enormous 
amounts were borne without appre- 
ciable by-effects. Addition of ad- 
renalin to tepid saline for flushing 
the bowel had a remarkably favor- 
able action. Groer (Miinch. med. 
Woch., Apr. 6, 1915). 

Large doses of one of the bismuth 
preparations with paregoric or lauda- 
num by mouth will often give some 
comfort, but it seems wiser to employ 
morphine hypodermically in doses of 
gr. to % (0.016 to 0.02 (im.) in an 
adult, every three dr four hours for 
the relief of the tormina and tenesmus. 
When the tenesmus is urgent, a sup- 
pository of cocaine or opium may be 
used, followed by a low starch-water 
enema containing about 30 drops of 
laudanum, or bismuth suspended in 
acacia solution may be used. While 
ipecacuanha and emetine (see article 
on Emetine, this volume) are of 
less value in the bacillary form than in 
amebic dysentery, they may be tried, 
but unfortunately no single medicinal 
treatment will give the same result in 
every case. When given from the 
beginning of an attack these two 
agents are apt to be of most service, 
though even in well-marked and 
severe cases, especially in the catar- 
rhal stage, they sometimes act well. 
If the patient has been previously 


constipated, a dose of salts or oil 
should be given first. Nothing should 
be given by the mouth for several 
hours preceding the ipecacuanha, 
which is best administered at bed- 
time in salol or keratin-coated pills, 
to insure their passage into the duo- 
denum before solution occurs, lessen- 
ing the likelihood of nausea and 
vomiting. From 60 to 90 grains (4 to 
6 Gm.) may be given at the first dose, 
less each evening for a week, then* 
daily doses of dram (2 Gm,) in 
divided doses should be given for at 
least two or three weeks. Where the 
pills cannot be prepared one may 
give 30 to 60 grains (1 to 2 Gm.) of 
the powdered drug in the form of a 
bolus, to be repeated every six to 
eight hours. If vomiting occurs it 
may not render subsequent adminis- 
tration impossible. Precede the dose 
by placing a mustard plaster over the 
epigastrium and give a hypodermic of 
gr. (0.016 (jm.) of sulphate of mor- 
phine or laudanum irixxx (1.8 c.c.) by 
mouth. When the passages begin to 
show fecal material, betterment is 
near at hand and the dosage and fre- 
quency should be reduced, but 20 to 
30 grains (0.3 to 2 Gm.) a day should 
be continued for a couple of weeks. 
For children, much smaller doses 
should be employed. It is not to be 
given to pregnant women without ex- 
plaining the risk of abortion from 
possible repeated vomiting, nor to 
those who for any reason are devital- 
ized, as the actively tuberculous, for 
instance. 

The ipecac treatment of dysentery 
caused by protozoa should not on 
light grounds be set aside in favor of 
any other, but in using this treat- 
ment great care should be taken to 
make sure that the dysentery is 
truly caused by protozoa and is not 
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bacillary, and also to obtain an 
ipecac that is shown by actual analy- 
sis to contain its proper amount of 
emetine, and, when this is not pos- 
sible, to insist upon obtaining the 
Brazil root. E. B. Vedder (Military 
Surgeon, Sept., 1911). 

The writer warns against treating 
bacterial dysentery with astringents 
from the beginning. The treatment 
should always start with a dose of 
castor oil or with magnesium sul- 
phate in dram (4 Gm.) doses every 
hour, or 2 drams (8 Gm.) every 2 
hours, for 24 to 48 hours. Then as- 
tringents should be given in massive 
doses, c.g .: — 

B Bismuthi sub- 

nitratis gr. xxx (2 Gin.). 

Liquor morphin<r 
hydrochloridi 
(B. P. 1 per 

cent.) nvij (0.12 c.c.). 

Aquis chloroformi 
q, s. ad fjj (30 c.c.). 

M. Sig.: To be taken every two 
hours, day and night, for several 
days. 

Irrigations are generally badly 
borne in acute cases, but in the sub- 
acute cases the author finds effective 
a solution of gallic or tannic acid 
and opium in water, and in very 
chronic cases a 24-grain to the quart 
silver nitrate solution. In the serum 
treatment, he uses a polyvalent 
serum in large doses; it should al- 
ways be supplemented with the in- 
ternal treatment already described. 

In polyarthritis from dysentery, in 
which the salicylates have practically 
no action, the serum and occasion- 
ally the vaccine treatment are useful. 
Aldo Castellani (Jour, of Trop. Med. 
and Hyg., Sept. 1, 1917). 

Whenever possible, enemas should 
be resorted to. Even though the anal 
region be irritable, a suppository of 
cocaine and opium will usually ob- 
viate all pain or, at least, make it 
bearable. A preliminary enema ofl 
physiological salt solution, 2 or 3 


quarts, should be given, the patient 
lying on the right side, hips elevated 
and head low. This is to be followed 
by an enema of 3 quarts of a 1 per 
cent, solution of quinine bimuriate 
with urea. This causes some pain at 
first, but its anesthetic effect is soon 
felt and, being to some extent a para- 
siticide, it has a doulffc range of use- 
fulness. Since in many cases the dis- 
ease is confined to the large bowel, 
the involved area can be thus directly 
treated. In well-advanced cases 
where there is likelihood of softening 
and extensive ulceration of the bowel 
wall, enemas are contraindicated, as 
the risk of perforation cannot be 
denied. Nor would they be of value 
in treating that part of the morbid 
process when the small bowel is in- 
volved. Saturated boric acid solution 
or a 1 per cent, or 2 per cent, solution 
of salicylic acid are distinctly of less 
value than quinine enemas in any 
case. Any enema employed should 
be given at body tcmiierature. 

In the treatment of bacillary dys- 
entery and on the basis of wide ex- 
perience in the British Salonika 
forces, the writer recommends the 
following: In acute and severe 

cases all patients are given 15 c.c. 
(14 ounce) of castor oil on admission 
and, beginning 8 hours later, receive 
8 Gm. (2 drams) of sodium or mag- 
nesium sulphate, which is repeated 
every 4 hours as long as the mucous 
stage lasts. When the mucus dis- 
appears the saline is given in just 
sufficient amount to secure a soft 
movement. Intestinal lavage with 
solutions of eusol, potassium per- 
manganate, protargol, or normal 
saline are given night and morning 
if the patient is relieved by their 
use.. Opium eiiemata and astrin- 
gents by mouth are irrational. Anti- 
dysenteric serum should be begun at 
once and given intravenously. To 
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avoid the severe primary reactions 
which occasionally occur 2 c.c. (30 
minims) should be injected at once 
and the remainder slowly run in after 
an interval of 10 minutes. Larger 
doses than usually prescribed should 
be used, ranging from 60 to 80 c.c. 
(2. to 2% ounces), and should be 
given twice daily. Tn most of the 
very toxic acute cases the greatest 
danger seems to come from dehydra- 
tion of the tissues and this can be 
largely overcome by the use of in- 
travenous injections of 150 to 300 
c.c. (5 to 10 ounces) of normal saline 
immediately following each dose of 
serum, or of 5 per cent, solutions of 
glucose in distilled water. Important in 
all forms is the proper regulation of 
diet, not only during the acute stage, 
hut also when the patient is convales- 
cent. In the beginning it should con- 
sist of albumen water, gruels, and tea 
sweetened with lactose. During re- 
covery the diet should be slowly 
changed to contain arrowroot, Ben- 
ger’s food, malted milk, sour milk, 
and diluted fresh milk, lactose in the 
foods. Progress to full diet should be 
made very slowly. Duncan Graham 
(Lancet, Jan. 12, 1918). 

The writer obtained excellent results 
with calcium chloride. He injected 10 
c.c. (2j4 drams) of a 10 per cent, solu- 
tion twice daily and added morphine 
subcutaneously. Teodosijevits (Deut. 
mcd. Woch., Sept. 25, 1925), 

Serum therapy has a limited range 
of applicability, but has been of some 
value when employed in the early 
stages. Shiga has prepared an im- 
mune serum, so called, by repeated 
injections of polyvalent strains of the 
dysentery bacillus into a horse. Doses 
of 20 c.c. to 30 c.c. of the immune 
horse serum should be injected two or 
three times a day for several days, 
smaller doses in children. 

Serum of horses immunized against 
the bacillus of dysentery possesses 
antimicrobian and antitoxic proper- 
ties which render it useful in thera- 


peutics. This serum is proving to 
be almost specific in the treatment of 
bacillary dysentery. Its effects are 
the better the earlier it is used, al- 
though it has proved effectual even 
as late as the sixteenth day. Pro- 
longed and chronic dysentery is also 
amenable to this serum treatment. 
These results were practically con- 
stant in 96 cases of severe dysentery 
treated with the serum alone, ' the 
number of stools ranging from 15 to 
288 a day. The amount injected 
ranged from 20 to 100 c.c., and the 
injection was sometimes repeated 
after twenty-four hours, and again a 
third time in the most threatening 
cases. The Shiga-Kruse bacillus had 
been used to immunize the horses, 
but the serum proved equally effect- 
ual against this and against the 
ITexner bacillus. The curative ac- 
tion of the serum is so prompt and 
certain that its prophylactic use 
seems hardly necessary. Vaillard 
and Dopter (Annales de Tlnst. Pasteur, 
vol. XX No. 5 1906). 

Polyvalent antidysentcry serum was 
administered to 13 children by the 
author; in 2 the dysentery was 
caused by the Shiga bacillus and in 
the others by the Flexner bacillus. 
The mitigation of the symptoms after 
the injection of serum was rapid. 
All the patients promptly recovered. 
P. Coyne and B. Auche (Bull, de 
PAcad. de Med., Oct. 1, 1907). 

The serum therapy of dysentery was 
begun by the writer in 1903. He 
first injected horses with killed cul- 
tures of a dysentery bacillus which 
he obtained in Japan, and later in- 
jected living organisms. Todd then 
elaborated a pure, antitoxic serum 
by injecting horses first subcutane- 
ously and then intravenously with 
dysentery toxin. Other investiga- 
tors, among whom may be mentioned 
Kruse, Vaillard, Dopter, Krauss and 
Doerr, confirmed these findings. By 
means of serum therapy the mortality 
of diseases was reduced to less than 17 
per cent, of the former death rate. 
Since 1906 numerous investigations 
along the lines mentioned were car- 
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ried out. Horses were injected in- 
travenously with a mixture of various 
strains of domestic dysentery bacilli. 
Alkaline broth was first injected under 
the skin, and then intravenously. The 
injections were made every two or 
three weeks, since it was determined 
that injections at shorter intervals fre- 
quently killed the animals. Com- 
inencinj^ with an initial injection of 0.1 
c.c. of the culture, the amount injected 
was increased until finally as much as 
100 c.c. could be given. In the begin- 
ning a large number of the horses 
were killed by anaphylactic phenomena, 
but later this result was avoided by the 
antianai)hylactic method of Besredka. 

The entire immunization stretched 
over a period of eight months. The 
horses are then bled, 8 liters of blood 
being withdrawn every four days 
until 24 liters of blood are taken. 

The horses receive a rest of about 
twenty days, . and the injections are 
then begun again. The serum is pre- 
served with 0.5 to 1 c.c. trikresol. 

The serum obtained from the blood 
will give agglutination up to 1:1000 
immediately, and 1 : 2000 within three 
hours. It was possible by means of 
an antigen prepared from dy.sentery 
bacilli to obtain complement fixation. 

The antitoxic value of the serum was 
obtained by first determining the 
lethal doses of old and fresh cultures 
of Shiga bacilli and then injecting 
various mixtures of the toxin and 
antitoxins. Animals injected wth the 
mixture did not succumb. It was pos- 
sible by means of 1 part of serum to 
neutralize 10 times as much toxin. 
These experiments were carried out 
on rabbits, and it was determined 
that the protective properties of the 
antitoxin were definite and unmis- 
takable. M. Shiga (Ann. de Biol., t. 
i, No. 2, 1911). 

The results recently obtained with 
serotherapy in the Shiga type of 
dysentery in eastern Austria are fully 
on a par with those of the antitoxin 
treatment of diphtheria. The writer 
has recently controlled 2000 cases 
during the past year. This could also 

be contrasted with a large number 
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of cases otherwise treated. The mor- 
tality of the cases treated with anti- 
serum was between 9 and 10 per cent., 
while that of the material otherwise 
treated w'as between 19 and 20 per 
cent. One condition c^f success was 
that the serum be given as early as 
possible, when its beneficent action 
was at once evident in the abortive 
course of the disease. The serum is 
essentially antitoxic. Krause (Deut. 
nied. Woch., March 7, 1912).. 

Many good reports on the serum treat- 
ment have been api^earing. Job (Arch, de 
med. ct de pharm. milit., Apr., 1921) states 
that dysentery due to the Flexner type will 
usually subside whether serum is given or 
not, but the serum against the Shiga type is 
necessary and valuable. Anti-Shiga serum 
has no effect on Flexner dysentery, while 
anti-F'lexner serum is ineffective when dysen- 
tery has already set in. The anti-Shiga 
serum should be given at once, before the 
existing type is known, as it may save the 
patient’s life. He advocates a milk diet, 
though in simple colitis milk is contraindi- 
cated. Tentative emetine treatment is dis- 
approved of, and he is rather sceptical of 
good results from aiipcndicostomy in the 
chronic cases. Lornie and D. E. Jones 
(Brit. Med, Jour., June 17, 1922) reported 
that in the preceding year 728 persons in 
mental hospitals were attacked by dysen- 
tery, and 126 died. In their owm institu- 
tion they u.sed in 10 cases, mostly severe, 
serum prepared by injecting horses with 
cultures of .Shiga, Flexner, and Kruse bacilli. 
The dosage was from 25 to 40 c.c. Prompt 
and marked improvement resulted. 

The antidysenteric serum should be 
given in all but the mild cases. Its 
value rapidly les.sens wdth delay. 
Sixty, 80 or 100 c.c. may be injected 
subcutaneously. Often a single dose 
suffices. In urgent cases of choleraic 
type the serum should be given intra- 
venously and combined with hyper- 
tonic saline solution. Best results are 
to be expected from a serum contain- 
ing exclusively Shiga or Flexner anti- 
bodies, according to the type of infec- 
tion, but in practice no time should be 
lost by w^aiting for the laboratory re- 
port. A. G. Phear (Lancet, Aug. 2, 
1924). 
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A serum is also furnished by the 
Pasteur Institute and the Lister In- 
stitute. The injection of attenuated 
and dead cultures into the bodies of 
laboratory animals confers an active 
immunity upon them, but the injec- 
tion of dead bacilli (bacterins) into 
man causes a sharp local reaction 
after the first dose, with more or less 
constitutional disturbance in most in- 
stances and some febrile reaction, just 
as we know it in the case of prophy- 
lactic injections of typhoid bacterins. 
They have not been employed suffi- 
ciently to enable one to speak with 
any degree of certainty as to their pro- 
tective value, and, again as in typhoid 
fever, bacterins used therapeutically 
are almost without influence and cer- 
tainly of no demonstrable clinical 
value. (See article on Bacterial 
Vaccines in the second volume.) 

Experiments on the vaccination of 
full-grown mice by feeding them 
with bacilli of dysentery of the Shiga 
type, both living and dead. One 
single ingestion of this dose is insuffi- 
cient to bring about immunization; 
an immunity is only conferred with 
weaker doses when they are repeated 
daily for a week. The immunity is 
not complete until about the end of 
twelve days and it usually lasts for a 
month. From the first to the twelfth 
days, while the state of immunization 
is in process of development, a “nega- 
tive phase” is induced, and the animal 
is more sensitive than the control 
mice to an ordinary fatal dose. Simi- 
lar results were obtained with living 
bacilli. M. Dopter (Lancet, June 6, 
1908). 

The writer has used a mixed poly- 
valent vaccine in East Africa with 
favorable results. Kauntze (Jour, of 
Hyg., Feb., 1920). 

An epidemic is described by the 
writer which recurred for several sum- 
mers in 2 Swedish sanatoriums and 
was ultimately checked with an auto- 


genous vaccine. A brief immunity 
seemed to be conferred. Benefit was 
most marked in treating the chronic 
cases. The Y and Kruse E types of 
organisms were concerned. Karstrom 
(Upsala Lak. Forh., Feb. 1, 1921). 

Chronic Dysentery . — Rest in bed, a 
very simple diet of farinaceous food, 
creamed potatoes, cereal broths, pep- 
tonized milk, gruel and eggs. Milk 
is often poorly borne, and, even when 
peptonized, curds may form and add 
to the irritation i)resent. In such in- 
vStances give no milk at all. Boiled, 
aerated water or pure water from any 
source may be given, unless there is 
much vomiting; then give nothing by 
mouth. Bismuth and opium are the 
best drugs to give, but, on account of 
the chronicity, a word of caution 
against the possibility of forming the 
opium habit is in order. 

Rectal and colonic irrigations are 
of great value; the same caution to 
be observed as in acute cases. 

Eleven ca.scs of dysentery were suc- 
cessfully treated with irrigation of an 
emulsion of creosote prepared by 
adding to a quart of water, with 
which the yolk of an egg has been 
mixed, a dram of 10 per cent, creo- 
sote. Billet has also employed creo- 
sote irrigations in dysentery due to 
the Entameba histolytica of Schaudinn. 
He gives irrigations of from 1 pint to 
1 quart to 1 liter) of 1 to 2 per 
cent, creosote, which has been pre- 
viously mixed with oil of sweet 
almonds, in water. Usually two 
enemas a day are given. In most pa- 
tients thus treated, the pain is rapidly 
relieved and the blood and fetor dis- 
appear from the stools. G. Zanardini 
(Semaine mH., xxvi, 462, 1906). 

Though less frequently indicated 
than in amebic dysentery, it is the 
chronic type of the bacillary form in 
which an appendicostomy and sub- 
sequent intestinal lavage through the 
stump promises beneficent results. 
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The writer was much f^ratified with 
the results of treatment with ipecac 
given with a few drops of opium and 
peppermint, supplemented by high 
rectal injections of about 250 c.c. 
pint) of a solution of 5 Gni. 
drams) of iodoform in 1000 Gm. (3% 
ounces) of mucilage of gum arabic, 
introduced in the knee-elbow position 
under high pressure, with an at- 
tempt afterward to massage it up 
into the colon. The iodoform is left 
in the intestines for about ten min- 
utes and the larger part is then washed 
out with two enemas of water. If the 
amebae arc ensconced in the appendix it 
may be necessary to remove that 
structure. Meyer (Deut. med. Woch., 
xxxii, Nu. 33, 1906). 

In the treatment of chronic dysen- 
tery appendicostomy should be given 
preference over cecostomy unless there 
is some obstacle to its performance. 
The writer treated 31 cases of chronic 
amebic dysentery, chronic colitis, fol- 
lowing acute dysentery. The oldest 
case had existed eleven ycar.s. Ap- 
pendicostomy followed by irrigations 
gave satisfactory improvement in the 
symptoms, but did not suffice to pro- 
duce cures. In the amebic cases the 
parasites rapidly disappeared. In 5 
cases cecostomy was performed. The 
openings must not be allowed to close 
or the dysentery returns. Weakening 
of the abdominal walls with the forma- 
tion of ventral hernia occurred in 8 
(25 per cent.) of the cases. W. D. 
Webb (The Post-Graduate, Aug., 1910). 

AMEBIC DYSENTERY. 

Amebic dysentery, or amebiasis, as 
it is also called, is an acute or chronic, 
ulcerative disease of the colon due to 
the Entameba histolytica, with a special 
tendency to the production of abscess 
of the liver, usually large and single ; 
less often, small, multiple abscesses. 

It has become evident that amebic infec- 
tion is a systemic disorder, which may 
affect the entire body, and which, like 
malaria, syphilis, etc., is essentially a chronic 
condition. Charpin (Marseille med., June 
15, 1921) calls attention to various atypical 


forms: (1) Gastric type, with anorexia, pain 
after meals, regurgitation, vomiting, and 
usually pain in the left iliac fossa. (2) 
Diarrheal type, with frequent stools. (3) 
Appendiceal type, with indefinite gastrointes- 
tinal symptoms and pain in the right iliac 
fossa. (4) Rectal type, with perineal dis- 
comfort. (5) Pscudotuherculoiis type, easily 
mistaken for tuberculosis. 

SYMPTOMS. — The di.sease mani- 
fe.sts itself in an acute and chronic 
form. 

Acute Type. — In this variety the 
onset is sudden and sharp and the 
course acute. Without an examina- 
tion of the stools it would not be pos- 
sible to differentiate it clinically from 
bacillary dysentery. This may be the 
explanation of the statement that 
acute amebic dy.sentery is a some- 
what rare condition. The patient is 
more or less al'iruptly seized with 
abdominal pain — tormina and tenes- 
mus. The degree of tenesmus and 
frequency of stools are directly pro- 
portionate. The stools are bloody or 
blood-streaked mucus is passed, and 
in a few days they l:)ccome copious, 
watery, of a dirty brownish-red color, 
and contain flocculi or shreds of tis- 
sue; they often have an intensely 
fetid odor due to the gangrenous 
sloughs therein. 

G. C. Kilpatrick (So. Med. Jour., Apr., 
1922) points out that infection by Zi. dysen^ 
tericc causes an extraordinarily small per- 
centage of dysenteric symptoms as com- 
pared to the number of persons harboring 
the parasite. He considers the best stain 
for the detection of cysts the Donaldson 
iodin-eosin stain. Scalas (Rif. med., Jan. 29, 
1921) found it feasible to distinguish amebic 
from bacillary dysentery with a complement 
fixation test, using an antigen from scraps 
of intestinal mucosa in the patient’s stools. 
Le Noir and De Fossey (Bull. Soc. med. 
des hop. de Paris, July 6, 1922) facilitate 
the diagnosis of amebic dysentery by giving 
the patient 3 keratin-coated capsules, each 
containing 0.2 Gm. (3 grains) of bile extract. 
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3 times a day at mealtime. The dose is in- 
creased daily by 3 capsules until diarrhea 
occurs. The bile favors development of the 
amebae. 

Rapid loss of flesh and strength oc- 
curs; indeed, it is seldom that such 
extreme emaciation occurs as is noted 
in many of these acute amebic dysen- 
teric cases. The heart becomes in- 
creasingly feeble, weak, and rapid ; 
the temperature for the first few days 
ranges from 99° F. to 102° F. or 103° 
F. (38.9° C. or 39.4° C.), but often 
falls even below normal toward the 
end, and death may result from ex- 
haustion within a week, or a copious 
hemorrhage from the bowels or per- 
forative peritonitis may cause death. 
Many patients recover however, and 
some pass into the chronic form. 
Among those who survive, diarrheal 
disorders are common and occasion- 
ally cicatricial contraction of the 
bowel and final obstruction may 
occur. 

Chronic Type. — In most cases the 
disease runs a more or less chronic 
course, in which the chief characteris- 
tic is attacks of alternating constipa- 
tion and diarrhea. During the diar- 
rheal periods there may be a little 
fever, abdominal pain and tenesmus, 
with some mucus or bloody mucous 
stools. General nutrition is well pre- 
served. The tongue is apt to be red, 
beefy, the appetite impaired, and 
little inclination toward effort of any 
kind is often noted. 

The duration is variable, months to 
several years. Some of these chronic 
cases may be spoken of as masked or 
latent, for infected individuals may 
harbor amebse for long periods with- 
out being conscious of it. 

The writer reports cases of infec- 
tion with Entameba tetragena which 
illustrate the production of cysts by 


this organism, its intermittency, the 
absence of cysts during acute symp- 
toms, and their presence in formed 
stools long after the subsidence of 
acute symptoms. Infection in man 
appears to be the result of contamina- 
tion of food with a small amount of 
fecal matter containing a great many 
cysts, during the first day or two 
after passing. 

The great importance of exam- 
ining the stools of all convalescent 
and recovered patients with entame- 
bic dysentery for cysts and thus de- 
tecting “carriers” is apparent, for it is 
the cyst that is the infecting agent 
and not the large trophozoite. S. T. 
Darling (Archives of Intern. Med., 
Jan., 1913). 

The indisposition may be slight 
and not such as to direct attention to 
the intestinal tract, except abdominal 
pain be present. Liver abscess may 
develop insidiously, and one of the 
complications may be the first evi- 
dence of the serious state of the 
patient. 

COMPLICATIONS. — The most 
frequent and one of the most serious 
complications is hepatic abscess. 
Rogers believes that it is preceded 
for a variable period by fever of in- 
termittent or remittent type, sweats 
more or less marked, leucocytosis, 
and an enlarged and tender liver. 
If the hepatic enlargement is irregu- 
lar, dome-shaped, the condition is 
more readily recognized, but quite 
often the liver is uniformly enlarged. 

The ameba of dysentery, such as is 
seen in the stools, is only one phase 
of the evolution of the parasite. 
The pathogenic phase is an intracel- 
lular parasitism. The young proto- 
zoon penetrates into a liver cell; at 
that time it is reduced to a homogen- 
eous nucleus. The nucleus of the 
liver cell enters into karyolysis, the 
protoplasm develops vacuoles and 
tends to disappear completely, the 
parasite gradually supplanting its 
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host entirely. Job and Hirlzmann 
(Bull, de la Soc. med. des hop., Oct. 
11, 1918). 

Hemorrhage, perforative peritoni- 
tis, or peritoneal adhesions, and dis- 
placement of abdominal organs may 
result. Other infectious diseases — 
as typhoid, malaria, tuberculosis — 
may be associated with amebic dysen- 
tery, or amebic and bacillary dysen- 
tery may occur in the same individual, 
or other intestinal parasites may be 
associated. 

DIAGNOSIS.— The most impor-* 
tant aid to diagnosis is the finding of 
ameliai in the stools. If these are 
actively motile, with well-marked 
pseudopodia and a scarcely demon- 
strable nucleus, the probability is one 
is dealing with an amebic infection; 
but as non-pathologic amebas are not 
uncommon, in liquid stools especially, 
too much stress should not be laid 


or without change in shape, especially 
if chills, fever, and sweats exist, an 
abscess of the liver has probably de- 
veloped. The leucocyte count is of 
some value. Not over 10,000 to 15,000 
white cells are found in the average 
case of unconqdicated amebic dysen- 
tery : when liver abscess occurs, the 
count goes up to 20,0(X) or 30,(X)0. 

Cytolocfic diafinosts is stressed by G. R. 
Callender (Milit. Surjj., June, 1925) for the 
rapid differentiation of the dysenteries, per- 
iiiitling of the api)lication of proper treat- 
ment without the delay entailed hy hac- 
teriologic methods. With only a niieroscope 
and slides, one relatively inexperienced can 
thus make a presumptive diagnosis which 
will be correct in 90 per cent, of cases. 
Ver}'^ fresh material is examined unstained 
in thin film under a cover glass, 'riiiii 
.smears are then made, fixed in Schaudinn’s 
fluid, stained with hematoxylin and cosin, 
and if entamehie are found, also with iron 
hematoxylin. The differential features are 
tabulated thus: 


EXUOATB 

BAOir.LAUY DYSENTBKY 

Blood. 

Varying amounts. 

Polymorphoneutrophiles. 

About 90 per cent, of exudate. Many 
show nuclear degeneration (ring- 
ing). Cytoplasm frequently con- 
tains fat. 

Endothelial macrophagee. 

Present in varying numbers. Actively 
phagocytic; frequently contain 
erythrocytes and leucocytes. Under- 
go toxic degeneration; “ghost 
cells.” 

Plasma cells. 

Present, relatively more abundant 
early. 

Proportionately insignificant, but are 
found. 

Pyknotic bodies. 

E. histolytica tropho- 

Absent unless the 2 diseases are both 

zoite. 

present. 

Amount exudate, act- 

ual hemorrhage ex- 
cluded. 

Massive. A large part of the stool. 

Bacterial content. 

Low. 


Amebic Dyhkntkhy 


Sniull ainountB to actual hemorrhaRO. 

Few. (Cytoplasm of Homu of those 
present shows degenerative chungeB 
and in such the nuclei may ap- 
pear pyknotic. 

Not seen except in eases also having 
bacterial dysentery. 


Present In small numbers. 

Constitute about 80 per cent, of 
eollular elements. 

Present and muBt bo found to make 
diagnosis. 

Small. 


Very high, usually. 


solely on the finding of amel)a\ The 
agglutinin test will rule out bacillary 
dysentery. In the tro])ics all ca.ses 
of diarrhea, however slight, should be 
looked upon with suspicion until pa- 
tient, careful examination removes 
the doubt. The outline of the liver 
should be mapped out frequently. If 
it undergoes any changes in size with 


ETIOLOGY. — G eo graphical Distri- 
bution . — Prevalent throughout the 
tropics, amebic dysentery is especially 
common in Egy])t; indeed, it is almost 
the only form of dysentery met with 
in that country. It is less common in 
other parts of the African continent, 
and in India, too, its frequency varies 
greatly in different parts. It is very 
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common in the Philippines. In the 
tropics it is constantly present and 
may even he said to exist in epidemic 
form at limes. Of sj)ecial interest, 
however, is the fact that it occurs 
sporadically in any part of the tem- 
perate zone, though but very few 
cases have ever been re})orte(l from 
England. Tt is common in the United 
States, es])ecially in the Southern 
States at low altitudes, near the sea 
level. Osier stated that the cases of 
acute and chronic dysentery admitted 
to the Johns Hopkins Hospital had 
been almost exclusively amebic, and 
that of 182 cases up to the year 1908, 
123 had come from the State of Mary- 
land. 

The many cases in troops from 
Britain, Australia, and New Zealand 
in the present war are men who have 
never had amebic dysentery before. 
Many of the cases succumb before 
reaching the base hospital, and those 
that survive have frequently reached 
the condition of “running dysentery.’* 
Ronald Ross (Lancet, Jan. 1, 1916). 

There exists a very general im- 
pression that house flics are the chief 
agent of spread of amebic dysentery. 
A careful study of the incidence of 
amebic dysentery in various parts of 
Egypt during 2 years showed, how- 
ever, that the house fly was relatively 
unimportant in this connection. The 
prime necessity for the spread of 
amebic dysentery is the presence of an 
abundance of moisture and a high de- 
gree of humidity. The infection is 
spread through the use of contaminated 
water for drinking and for washing 
food which is to be eaten uncooked. 
The water, in turn, is infected by con- 
•tamination from human excreta. The 
elimination of carriers from all posi- 
tions in which they come into contact 
with foods greatly reduces the inci- 
dence of amebic dysentery. Wood- 
cock (Brit. Med. Jour., Dec. 28, 1918). 

What appears to be the third case of 
amebic dysentery originating in Canada 


was observed by the writer. Such 
cases are not as rare as usually stated; 
with careful examination of the stools 
of persons suffering from mucous 
colitis the amebas would be encoun- 
tered in as high a proportion of cases 
as in England or the United States. 
Bates (Can. Med. Assoc. Jour., Oct., 
1925). 

Seasonal Influences . — For some un- 
known reason the incidence of the 
disease varies, so that even in the 
tropics in certain years bacillary 
dysentery may prevail, while in other 
years amebic dysentery will consti- 
tute the larger number of dysentery 
cases, and, of course, it is not an un- 
common thing to find the two asso- 
ciated. 

In the temperate zone the amebic 
form of dysentery is most apt to occur 
in its active manifestations during the 
warm months. 

Age . — Probably owing to the greater 
opportunities for infection, it is much 
more common among young adults, 
and especially is this true where 
troops are stationed. Children readily 
become infected, but, as a rule, less 
severely than adults. 

Sex . — Far more common in young 
adult males, both in the tropics and 
in the temperate zones. Of Osier’s 
182 cases at the Johns Hopkins Hos- 
pital, Futcher stated that 171 were 
males. One reason for this, and that 
a very important one, is that women 
are more temperate in their habits 
and less apt to be exposed to the 
direct cause of the infection. 

Exposure and fatigue increase one’s 
susceptibility to amebic dysentery ; 
this is the likely explanation for its 
frequency among troops. 

Race . — The white race would seem 
to be more susceptible than the black, 
according to Osier, also more sus- 
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ceptible than the natives of the 
tropics, and the disease is more 
amenable to treatment in the latter. 
This may be more apparent than real, 
however, because long residence ac- 
climatizes them, and possibly active 
infections overcome may increase the 
resistence of the native race. Certain 
it is that the Caucasians live under 
better sanitary conditions than the 
natives, yet gastrointestinal and hepa- 
tic congestions are the rule among 
the Caucasians in the tropics, and 
especially is this the case with those 
who use alcohol freely. 

The Direct Exciting Cause . — The 
amebae were first discovered in 1859 
by Lambl, in the stools of a child suf- 
fering with “enteritis/’ but he did not 
consider them of pathogenic import. 
Tliey were again noted some years 
later, both by Cunningham and 
Lewis, in the stools of cholera patients 
and even in the stools of apparently 
healthy individuals. The name, 
Ameba coli, was first conferred by 
Losch, who in 1875 found the organ- 
ism in the stools of a chronic dysen- 
teric patient who, at necropsy, was 
found to have extensive ulceration of 
the colon. He claimed for them in 
part only an etiological relationship 
with dysentery. He described them 
minutely as to shape, size, and char- 
acter of motility. He, too, found that 
they succumbed to the use of enemas 
consisting of a solution of quinine, of 
a strength of 1 : 5000. Lbsch at- 
tempted to reproduce the disease in 
dogs. He injected fecal material con- 
taining Ameba coli in the rcctums of 
4 dogs. In 1 of them he found amebae 
eight days later, and in another, which 
was killed on the eighteenth day, he 
found rectal swelling, injection, and 
slight ulceration. Later, many at- 


tempts have been made by a number 
of observers to produce the disease in 
cats and dogs t)y means of rectal in- 
jections with fecal material, and the 
cat especially has been shown to be 
quite susceptible. Kruse and Pas- 
quale retained the enema in the ex- 
perimental animals by placing a 
stitch through the anal structures. 
To obviate much if not all of the bac- 
terial infection resulting from injec- 
tions of fecal material, they later used 
the necrotic material obtained from 
the liver abscesses of amebic dysen- 
teric patients, and under both condi- 
tions obtained pathological changes 
mimicking those resulting from the 
disease in man, and they also found 
the Ameba coli in the bloody, mucous 
discharges from the bowel. Mar- 
choux succeeded in i)r()ducing the dis- 
ease in a number of cats. Those 
which lived over fifteen days de- 
veloped hepatic abscess, single as a 
rule, occasionally multiple. It was 
found that a temperature of 45® C. 
will destroy the ameba, but does 
not harm the bacteria. Material so 
treated when injected proved nega- 
tive. Harris failed to produce the 
divseasc by injecting cultures of all 
recoverable flora from a case of 
amebic dysentery, but did succeed in 
inducing it in a pup])y, by an injec- 
tion of fecal material from the same 
source, containing amebaj. A liver 
abscess also resulted. This seems 
conclusive evidence that an ameba 
exists with pathogenic properties 
capable of causing both dysentery 
and hepatic abscess. 

It is to Robert Koch, however, that 
w^e are indebted for our first definite 
knowledge of the parasitic properties 
of the organism. While investigating 
cholera in Egypt in 1883, he found 
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them in the deeper portions of ulcers 
in the intestines of several cases of 
dysentery, and because of their deep 
position he looked upon them as exer- 
cising a causal relationship. It was 
his influence which led Kartiilis to 
study them. Kartulis found amebae in 
the stools of over 500 cases of dysen- 
tery in Egypt, and he also found them 
in the necrotic contents and walls of 
liver abscesses complicating that dis- 
ease. He observed, too, that their 
number was seemingly related to the 
severity of the attack. Later he re- 
ported other evidence of a similar 
nature, likewise his failure to find the 
Amcha coli in other cases of intes- 
tinal disease than amebic dysentery. 
Ameba? have been found in the feces 
of individuals having various dis- 
eases, as was noted above (cholera 
patients), and even in the stools of 
normal individuals. 

Osier in 1890 was the first observer 
in the United States to report the 
finding of ameba in the stools and 
hepatic abscess of a case of amebic 
dysentery. The patient came from 
Panama. Since then many others 
have reported cases of amebic dysen- 
tery occurring in the United States, 
among them being Musser, Dock, 
Councilman and Lafleur, Simon, 
Boston, Harris, and Stengel. Dopter 
reported some cases of amebic dysen- 
tery occurring in soldiers who had 
not been out of the country (France), 
the disease developing after they oc- 
cupied a room inhabited shortly be- 
fore by infected individuals. 

[The writer has seen a case of a some- 
what similar nature, — a young man of 23 
years of age who had lived in Philadelphia 
all his life except for a brief stay in one of 
the New England States. He resided in 
Philadelphia with a young man who had 
contracted amebic dysentery in the Philip- 


pines, and who had been successfully 
operated upon for a liver abscess after an 
appcndicostomy. I saw the patient in 
consultation as a case of suspected ty- 
phoid, but not being able to concur in 
that opinion, and finding a large liver, I 
.suggested a dysenteric colitis and pos- 
sibly a liver abscess. Some days later I 
saw him again, and advised an operation. 
This was done and the liver abscess 
drained. Culture made from the liver 
abscess was sterile, but the necrotic 
material contained amebae. He gradually 
sank and died, as he had been ill over 
three months in all. W. Egbert Robertson.] 

The finding of amebffi in the stools 
of normal individuals and of those ill 
with other conditions than dysentery, 
and the fact that rectal injections in 
animals sometimes failed to produce 
dysentery in them, led to the question 
whether the ameba was really patho- 
genetic or whether more than one 
variety existed, one type being patho- 
genic, the other benign. Several 
observers had already reported the 
finding of amebae which were larger 
than that described by L(’)sch as the 
Ameba coli, and presenting a diflPerent 
encysted form. Qiiineke and Boos were 
among the first who endeavored to 
show that variations doubtless exist. 
With one type they succeeded in 
inducing in cats both dysentery and 
liver abscess, while with amebae from 
another source they failed absolutely. 
They also described an intermediate 
type which caused mild intestinal 
symptoms when injected per rectum into 
cats. This led them to name these three 
as follows: Ameba coli, retaining the 
name given by Losch to that type in- 
ducing most severe results, Ameba coli 
mitis, to the intermediate variety, and 
Ameba coli vulgaris to that type de- 
void of pathogenicity. These latter 
they obtained from the stools of normal 
individuals after the administration of 
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Carlsbad salts, finding amebae in 9 out 
of 24. Schulberg also found them in 
the liquid stools of 10 out of 20 normal 
individuals after the administration of 
salines, but failed to find them in the 
solid feces. Kruse and T’asquale also 
found them in their own dejections 
and in those of many other normal 
individuals. Calandruccio swallowed 
amebae and, though he continued to 
find them in his stools for some days, 
no morbid condition resulted. This 
knowledge caused Councilman and 
Lafleur to classify ainebcX as patho- 
genetic and non-path ogenetic ; the 
former they called Amcba dysentcruc, 
the latter Amcba call. The accepted 
classification of today, however, we 
owe to Schaudinn, who termed the be- 
nign type Entamcba coli, and the patho- 
genetic variety Entamcba histolytica, 
A third form, described by Viereck in 
1907, also pathogenetic, and called by 
him the Entamcba tetragena, was at 
first believed to be a separate and dis- 
tinct entity. Craig at first subscribed 
to this view, as did Schaudinn, but in 
a recent communication (“The Identity 
of Entamcba histolytica and Entamcba 
tetragena,’' Jour. Anier. Med, Assoc., 
May 3, 1913) Craig states that in 3 
cases of amebic dysentery from Panama 
and one from the Philippines he had 
“been able to observe every form of 
both histolytica and tetragena, so far 
as nuclear structure and reproduction 
goes, that have been described for either 
species, and, as double infection in 
these cases can be practically ruled out, 
I am forced to conclude that there is 
only one species of entarneba present, 
and that all of the forms found belong 
to the life cycle of Entamcba histo- 
lyticaE The fact is as ''Venyon states 
(Jour. London School of Tropical 
Med., 1912, ii, part i) : *The common 


pathogenic amcba of man is still Enta- 
mcba histolytica; the life history is 
not that <lescribed by Schaudinn, but 
that described by \'iercck.” The 
normal method of reproduction of 
Entamcba histolytica in the cystic stage 
of development is by the formation of 
cysts containing 4 daughter-nuclei ac- 
cording to Craig [vide supra), but why 
encystment occurs in some and not in 
others of the same species, and what 
conditions determine this, are unknown. 

Entamcba coli is a harmless com- 
mensal in the human intestine, while 
Entamcba hUtolytiiu and Jtntamcba 
tetraycna are pathogenic species, capa- 
ble of producing amebic dysentery in 
man. Entamcbcc histolytica and iefra- 
f/cna arc strictly parasitic species and 
have not been cultivated. All culti- 
vated species belong to the genus 
amcba, and dififer greatly in morphol- 
t)gy and life cycle from the jiarasitic 
amebie which belong to the genus 
entamcba. It has not been proved 
that any of the amcba' that have 
been cultivated are pathogenic to 
man. C\ F. Craig (Amer. Jour. Med. 
Sci., Jan., 1913). 

Musgravc is of the oi)inion that 
amebae may become pathogenic at any 
time, and cites in supix)rt of this view 
an experience of his in Manila. Among 
300 persons studied he found 101 with 
amebae in their stools, of whom 61 had 
dysentery, the remaining 40 being 
symptom free. Within two months 8 
of these 40 died and amebic infection 
of the bowel was found in all 8, and 
within the next three months all of the 
remaining 32 had dysentery. 

Cultivation of the Amcba, — The im- 
ix>rtance of culturing the ameba on 
artificial media was early recognized. 
Kartulis claimed to have succeeded 
in inoculating non-sterilized, alkaline 
straw infusions from dysenteric feces 
and from the necrotic material of 
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dysenteric hepatic abscesses. Incubated 
at 36® C. to 38® C. for about forty- 
eight hours, a pellicle forms on the 
surface, composed of amebse and bac- 
teria. The amebae, at first small, 
gradually increase in size and assume 
pseudo}x>(lial progression. Kartulis 
described small, round, non-motile 
bodies within them which he regarded 
as spores. When sterile straw infu- 
sions were employed, Kruse and Pas- 
qualc were unable to duplicate Kar- 
tulis’s work, tlioiigh they succeeded with 
uhsterilized straw infusions. There- 
fore they regard this particular ameba 
as saprophytic, which would seem to be 
borne out by the indifferent results fol- 
lowing animal experimentation. 

Celli and T'iocci, Beyerinck, Schar- 
dinger, Cunningham, Grassi, and others 
have attempted cultivation both on solid 
and in liquid media, but without success 
so far as pathogenic amebae are con- 
cerned. It seems very probable that 
symbiosis with some of the bacteria 
is necessary for the development of 
pathogenic amebae. Although Mus- 
grave and Clegg succeeded in plating 
out the ameba, they were unable to 
demonstrate further growth and multi- 
plication without the presence of living 
bacteria. This is curious in view of 
their presence in the bacteria-free, 
necrotic contents of liver abscesses ; yet 
we know, from experimental evidence 
at least, that if dejections from cases of 
amebic dysentery be heated to 45® C. 
the amebae are destroyed but no harm is 
done to the bacteria, and that fecal 
material so treated may be injected with 
negative result, while injections of the 
unheated stool give rise both to dysen- 
tery and hepatic abscess. Thus, it is 
evident that the bacteria alone are not 
responsible. No one has succeeded in 
producing growth and multiplication of 


the ameba in the absence of bacteria, 
and while it is not possible, at present 
at least, to state which germ or germs 
are necessary to symbiosis, saprophy- 
tic organisms, when injected with the 
amebae, usually fail to give rise to dis- 
ease processes, while typical results 
follow when pathogenic germs are 
simultaneously employed. After amebae 
become encysted, Frosch was able to 
destroy the bacteria by using a 20 per 
cent, sodium hydroxide solution. The 
ameke thus obtained in culture with 
the spirillum of cholera, according to 
Musgrave and Clegg, when injected 
into the liver of a monkey, gave rise to 
hepatic abscess in which both amebae 
and cholera spirilli were found, but 
similar injections into a monkey im- 
munized against cholera were without 
result. 

I The work of Duval with leprosy may 
throw some light on this subject. Noting 
the intimate relation between cell and bac- 
teria, he reasoned it out that the bacterial 
proteolysis of the cell undoubtedly set 
free amino-acids and that these substances 
were probably necessary to the growth of 
the organism. This he proved to be the 
case. A parallel state may exist in amebic 
infection. Saprophytes do not break down 
tissue; hence no result when injected with 
the ameba, while pathogenic germs do, 
thus explaining the symbio’sis and result- 
ant pathogenesis. W. Egbert Robertson.] 

The pathogenicity of certain forms 
of amebae, especially the Entameba 
histolytica of Schaudinn, is generally 
accepted for the following reasons : — 

1. The more recent the attack of 
dysentery, the greater the number of 
amebae present. 

2. Their intimate relation to certain 
tissues, notably the colon, in which they 
penetrate into the deeper portions of 
the wall, and to the liver in abscess, in 
which they are to be found to the ex- 
clusion of other infective organisms. 
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3. The uniform anatomical picture 
produced as a result of their activity. 

4. The similarity, to those occurring 
in the human, of symptoms and morbid 
lesions resulting from injection into the 
colon of experimental animals or when 
the infected material is fed by mouth 
to the animals. 

Morphology . — The Entamcha his- 
tolytica i,s round, oval, or sometimes 
pear-shaped at rest, but apt to be very 
irregular when actively in motion by 
throwing out one or more pseudopodia. 
It is unicellular, possessing a hyaline 
eclosarc which is best seen in the 
pseudopodia. These latter may jut 
out from any part of the organism 
and seem to drag the ameba along 
as the contents gradually flow into 
them. The endosarc is a granular inner 
portion and contains a rather small 
nucleus, poor in chromatin, and hard to 
recognize. There may be several nuclei 
and vacuoles, and erythrocytes, leuco- 
cytes, blood-pigment, bacteria, small 
starch grains and the like may be noted 
in them. 

According to Chas. F. Craig, cncyst- 
ment only (Kcurs under favorable con- 
ditions the nature of which arc not 
definitely known, and quite frequently, 
therefore, no cysts can be demon- 
strated. He also states that the normal 
method of reproduction in the cystic 
stage of development is by the forma- 
tion of cysts containing 4 daughter- 
nuclei. In the active stage it is prob- 
able that the mode of reproduction 
occurs by binary fission or by gemma- 
tion or budding, irregular in type. The 
organism varies in size within rather 
wide limits, from about 10 to 50 
microns, the average being about 25 to 
30 microns, while the nucleus is 5 or 6 
microns in diameter. The Entamcba 
coli is smaller, from 10 to 15 microns 


on an average, possessing a well-defined 
nucleus because it is richer in chro- 
matin. It is less active than the 
Entamcba histolytica. It is claimed by 
many to be a normal inhabitant of tlie 
bowel, probably the small intestine, and 
may be demonstrated in liquid feces 
after a dose of salts. It is non-])atho- 
genic, therefore. 

Modes of Infection by Entamcba 
Histolytica . — Owing to our failure to 
grow amebie in pure culture, it is not 
possible to isolate, from any source, an 
ameba of pathogenic properties answer- 
ing all the conditi<Mis necessary to 
justify one in regarding it as the 
Entamcba histolytica. We do know 
that both soil and water, and esj^ecially 
cistern or tank water, contain numerous 
amebae, but even in the tropics the 
majority of them must be saprophytic, 
or amebiasis would be far more 
common. J.)rinking-water and fruits 
and vegetables eaten raw or only 
.slightly ccK)ked, and contaminated 
through fecal material used as fertilizer, 
may prove a .source of infection. It is 
possible that the encysted form, which 
can withstand drying for several weeks, 
may be transported by air-currents and 
thus both food and water may become 
infected. The fatal case previously re- 
ferred to certainly contracted the dis- 
ease by contact with his brother-in-law, 
who resided in the same house. Many 
opportunities are given through various 
domestic utensils, toilet, or soiled 
hands. 

MORBID ANATOMY.— T/ic /«- 
testifies . — Almost any portion of the 
large bowel may be involved, or the 
entire structure may rarely be attacked. 
Probably the cecum and ascending colon 
are most frequently diseased. In the 
most extensive forms the entire wall of 
the large intestine is thickened and prac- 
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tically ulcerated in continuity. Occa- 
sionally the appendix is ulcerated, the 
cecum as a rule, and perforation of 
cecum or rectum is a common cause of 
fatal peritonitis or extensive periproc- 
titis. The lesion is sharply delimited 
at the ileocecal junction. The earliest 
evidence of infection consists of a 
swelling- of the submucosa, cellular 
proliferation and edema, local or dif- 
fuse. The mucosa over these elevated 
areas undergoes necrosis and sloughs, 
but the opening is often minute and 
practically always much smaller than 
the area of infiltration. In this stage 
the gelatinous submucosa constitutes 
the floor of an irregular ulcer with 
elevated, undermined edges. Soon the 
submucosa sloughs and is cast off as 
may the muscularis beneath, so that 
any of these structures may consti- 
tute the base depending on the stage, 
or the thickened serosa may remain, 
denuded. 

Many of the ulcers will be connected 
by sinuous tracts covered by more or 
less normal mucosa. In less acute cases 
the ulcers are not so ragged ; they are 
paler and the bases are often pig- 
mented. Microscopically it will be at 
once noted that the process is not a 
purulent one, polynuclear leucocytes 
being almost absent. It is the fixed 
connective-tissue cells which proliferate 
and break down. The lymphatics are 
dilated, the blood-vessels turgid or 
thrombosed, the epithelial cells of the 
mucosa in the immediate neighborhood 
of an ulcer being the seat of cloudy 
swelling, dehiscent, the tubular glands 
often distorted, sometimes cystic due to 
pressure retention. Amebae will be 
found in the bases and edges of the 
ulcers, out along the fistulous tracts, in 
the lymphatics and blood-vessels and 
in the tubular glands. Schaudinn be- 


lieved they effect entrance to the sub- 
mucosa by way of Lieberkiihn’s crypts. 
In the chronic cases all stages of the 
ulcerative process may be found up to 
areas of complete cicatrization. Coils 
of large and small bowel may become 
adherent. Stricture of the bowel with 
dilatation above may result in some 
instances. 

The Liver , — It is very likely that in- 
fection takes place by way of the portal 
radicles, though it is difficult to explain 
why the hepatic lesion is large and 
single as a rule, rather than small and 
multiple as in cases of pylephlebitis. 
The single abscess is usually situated 
in the right lobe, either near the dome 
or less commonly beneath the under- 
surface, near the colon. Multiple ab- 
scesses are small, superficial, scattered 
throughout the outer ])ortions of the 
liver, though the still smaller, miliary 
abscess may be widely diffused as in 
pylephlebitis. In addition, more or 
less necrosis of liver tissue may be 
noted focally, probably bacterial in 
origin. 

The hcj^atic abscesses do not contain 
pus, and cultures are almost uniformly 
sterile. The contents consist of a 
dirty-yellow or reddish, necrotic ma- 
terial, containing blood and fragments 
of liver tissue. The early focus is well 
defined, containing a spongy material 
with more or less dirty, blood- or bile- 
tinged fluid through it. Still older 
foci have irregular, necrotic walls or 
dense, reactive inflammatory walls 
well circumscribing them. About 
every necrotic focus, though less 
marked or absent about the rarer, 
very chronic abscesses, is a zone of 
hyperemia. Amebae may be found 
in the contents of these abscesses, but 
as a rule they occupy a close relation 
to the wall, and may not appear in the 
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drainage discharge for several days 
after operation. 

The Lungs and Pleura , — These be- 
come involved secondarily when a 
liver abscess breaks through the dia- 
phragm, an abscess of the base of the 
lung resulting, usually the right one, 
which may later rupture into the 
pleura, a pyopneumothorax resulting, 
or an empyema when the liver abscess 
ruptures directly into the pleura. 

Rarely an abscess may rupture 
through the diaphragm into the peri- 
cardium, or, from the liver directly 
into the stomach, bowel or perito- 
neum, or a large vessel may be eroded. 

The writer has observed numerous 
cases of suprarenal insufficiency in 
patients suffering- from dysentery 
and dysenteriform enteritis. lie 
describes a hyperacute choleriform 
variety, death ensuing very rapidly; 
an acute variety characterized by a 
chronic suprarenal syndrome, recov- 
ery taking place under opotherapeu- 
tic treatment, and a light variety 
characterized simply by asthenia 
and fatigue. 

The great frequency of this last 
form in soldiers suffering from en- 
teritis may be explained by the func- 
tional overwork of the suprarenal 
glands, the normal role of which is 
the destruction of toxins produced 
during muscular activity. 

Adrenalin administered in these 
cases gave very good results. R. 
Oppenheim (Med. Press, Oct. 11, 
1916). 

Case of amebic dysentery which 
developed in successive “pushes,” 
the second being much more serious 
than the first. The special feature 
of the case was the evident injury 
of the suprarenals, the weakness be- 
ing extreme, with very low blood- 
pressure and white dermographism. 
The ameba evidently produces some 
toxin that makes its influence felt 
on the suprarenals in particular. 
The writers consider that emetine 


should be begun early in amebic 
dysentery and continued long after 
the disappearance from the stools of 
the ameba and especially of its 
encysted forms. With suprarenal 
manifestations epinephrin is indicated, 
its action here being as pronounced 
as in microbic infections. La Riviere 
and Villerval (Paris Med., Apr. 21, 
1917). 

PROGNOSIS. — Many recover under 
rest and appropriate treatment, but 
prognosis should at all times be 
guarded, even though the type of at- 
tack seems to be a mild one. The 
tendency to relapse is always present. 

In Manila at the present time, if 
early recognized and properly treated, 
the patients rarely pass beyond the 
diarrheal stage, and many, even with- 
out treatment, never become dysen- 
teric in the common acceptance of 
the term. The severe cases develop 
from these and from the latent ones 
and their characteristics are well 
known. Children and old people seem 
to manifest a decided natural im- 
munity, but while in children the in- 
fection, when it does occur, usually is 
of a mild type and very amenable to 
treatment, the reverse is true of the 
aged. A striking peculiarity in both 
classes, as well as in Filipino natives, 
is the absence of liver abscess. The 
writer has not seen a case of this in 
KXX) clinical cases and 1(X) autopsies 
of natives of the Philippine Islands. 
The disease manifests itself in a much 
broader and more comprehensible 
clinical picture than that generally 
allotted to it. Waiting for actual 
dysenteric symptoms before making 
a diagnosis is responsible for a large 
percentage of the present mortality 
from this cause in Manila. Bloody 
stools/ may occur early, but usually 
are not seen until considerable dam- 
age has been done, and may be ab- 
sent till near a fatal termination or 
recovery. Prompt treatment of every 
patient in whom motile amebae are 
found, without waiting for clinical 
dysentery, is the safe course to fob 
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low. W. E. Musgrave (Jour. Amer. 
Med. Assoc., Sept. 16, 1905). 

TREATMENT.— Rest in bed in 
all acute phases of the malady, with 
liquid diet. In all other forms, diet 
may be given according to the toler- 
ance of the patient, governed of course 
by the severity of the intestinal 
symptoms. For the abdominal pain, 
cataplasms or stupes may prove com- 
forting, and if tenesmus is present 
starch water and laudanum (J/i pint — 
250 c.c. — and dram — 2 c.c.) or 

hypodermics of morphine are the only 
measures which afford relief. Bis- 
muth i)rej)arations, salol, and the so- 
called intestinal antiseptics given by 
mouth are of no value. An occasional 
do.se of castor oil or several doses of a 
saline may prove servicealde. Kartu- 
lis recommended repeated doses of 
calomel, gr. J /2 to (0.03 to 0.048 
Gm.) every three hours for several 
days, claiming that the number of 
amebae was greatly reduced thereby. 
The danger of salivation must not be 
overlooked, and the fact that calomel 
is prone to set up a good deal of rectal 
tenesmus or add to the existing dis- 
comfort or actual suffering must also 
be borne in mind. 

Report on the action of various 
substances on pure cultures of the 
Affieba dysenteric^. Boric acid, cuca- 
lyptol, ichthyol, oil of cassia, and in- 
fusion of quassia have slight, if any, 
effect on the aniebse. 

Tannic acid 1: 100, sulphate of cop- 
per 1:2000, pfermanganate of potas- 
sium 1 : 4000 and sulphate of quinine 
1:1000 have a distinct moderate de- 
terrent effect on the growth of the 
amebae and cholera spirilla within 
thirty minutes. 

Succinic peroxide acid 1 : 1000, po- 
tassium permanganate 1 : 2000, sul- 
phate of quinine 1 : 500, nitrate of sil- 
ver 1 : 2000, arg 3 rrol 1 : 500, and prot- 
argol 1 : 500 exercise a very marked 


deterrent effect on the growth of the 
cultures within thirty minutes, and in 
the case of the silver salts and the 
succinic peroxide acid the action is 
plainly due to the destruction or inhi- 
bition of the growth of the symbiotic 
cholera spirillum. 

Thymol, 1 : 25(X), applied for fifteen 
minutes has the unique effect of 
destroying the amebae, while exercis- 
ing only a moderate effect on the 
cholera spirilla. Thomas (Jour. Amer. 
Med. Assoc., Jan., 1906). 

The following method, which has 
given brilliant results with rarely a 
fatality on the Isthmus, consists in 
what might be called the rest suppor- 
tive treatment. The patient is put 
to bed, absolute rest is enjoined, a 
purely milk diet is administered, and 
when great tenesmus is present warm 
saline irrigations are given two or 
three limes daily. A preliminary dose 
of castor oil is usually advisable. The 
only internal medication which is 
given is the subnitrate of bismuth, 
which is administered in somewhat 
heroic doses, from a dram to a dram 
and a half every three hours. In the 
milder cases improvement begins in 
from three to five days; in the 
severer cases, in from ten to fourteen 
days. The stools then lessen in num- 
ber and become formed, and in a 
comparatively short time — from one 
to three weeks — from twelve to 
twenty-four hours are passed without 
a movement. The diet is then grad- 
ually increased and the bismuth les- 
sened in dosage. Usually the pro- 
teins, meat and eggs, are the last to 
be added to the full dietary. In from 
one to four weeks, depending on the 
severity of the case, the patients are 
perfectly well. It is then well to 
give tonics and recommend a change 
of air. Decks (Med. Record, Dec. 12, 
1908). 

The writer employed benzyl ben- 
zoate in 8 cases of endamebic dysen- 
tery uncomplicated by bacillary in- 
fection, and witnessed markedly good 
results in every case. The doses em- 
ployed varied from 20 to 30 drops of 
the 20 per cent, alcoholic solution in 
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a little cold water, 3 times a day, 
after meals. Haughwout, Santin and 
Asurzano (Arch, of Int. Med., Oct. 
15, 1919). 

The writer treated with favorable 
results 46 cases of amebiasis with 
stovarsol, a synthetic arsenical dis- 
covered by Levaditi in 1922. Of the 
46 patients 27 were kept under ob- 
servation; 21 of these were well and 
free from parasites 3.8 months on an 
average; 5 relapsed after 3.8 months; 
1 relapsed repeatedly within periods of 
from 3 to 7 days. Johns and Jamison 
(Jour. Am. Med. Assoc., June 30, 
1925). 

The two procedures which should 
be instituted as early as possible in 
every case and which undoubtedly 
offer the greatest measure of success 
are. first, the use of ipecacuanha by 
mouth, and, second, the more or less 
frequent administration of enemas. 
Ipecacuanha should, be given in salol 
or keratin-coated pills to insure their 
passage through the stomach undis- 
solved. Nausea and vomiting are far 
less liable to occur. The mode of ad- 
ministration is as follows: Nothing 
by mouth for several hours, then begin 
at bedtime with 1 to 1^ drams (4 to 
6 Gm.) of ipecacuanha. Reduce the 
dose each night hy 5 grains (0.3 Gm.) 
and continue down to a 10-grain 
(0.6 Gm.) dose, then repeat the pro- 
cedure if amebae are still found in the 
stools. Subsequently, doses of 20 to 
30 grains (1.3 to 2 Gm.) should be 
given each night over a period of 
many weeks. 

Fifteen cases of amebic dysentery 
treated with ipecac. Each case had a 
uniform and highly favorable result. 
In no case was there a suggestion of 
a recurrence of the dysenteric attacks 
since the discontinuance of the ipecac. 
The interval elapsing in these cases 
varied from six moh^hs to four years. 
The essential points in the treatment 
include absolute rest in bed for a 


period of at least two weeks and a 
proper regulation and restriction of the 
diet. S. K. Simon (New Orleans Med. 
and Surg. Jour., Nov., 1912). 

Ipecac in the treatment of amebic 
dysentery in Florida has practically 
supplanted all other measures. The 
method employed is that suggested 
by Dudley, of Manila, about two years 
ago, and is as follows: The patient is 
put on a milk diet and confined to 
bed; after 4 he takes neither food 
nor water for four hours, when he is 
given 30 grains (2 Gm.) of ipecac in 
six salol-coated pills, swallowing these 
with as little waiter as possible. The 
patient takes no food or water during 
the night; the next day he takes 
water and milk liberally until 4 o’clock, 
and after four hours’ fast is given 25 
grains (1.6 Gm.) of ipecac. The dose 
is reduced 5 grains (0.3 Gm.) daily 
until the 5-grain (0.3 Gm.) dose is 
reached. Patient is then put on light 
diet and a daily dose of 5 grains (0.3 
Gm.) continued for a week or ten 
days. If the pills are properly pre- 
pared there is little or no nausea. This 
treatment has given excellent results. 
Wallace (So. Med. Jour., Nov., 1912). 

The WTiters recommend Ravaut’s 
method. Upon appearance of the diar- 
rhea from bile administration, an in- 
travenous injection of 0.3 Gm. of neo- 
arsphenamin is first given. Next day 
the patient takes 3 tablespoon fills of 
Ravaut’s i)aste, made up of 100 Gm. 
(3% ounces) each of powdered char- 
coal, bismuth subnitrate, syrup, and 
glycerin, and 4 Gm. (1 dram) of 
powdered ipecac. This paste is given 
on alternate days for the succeeding 
12 days, while on the intervening days 
2 capsules of ncoarsphenarnin, each of 
0.05 Gm. 04 grain), are taken, 1 at a 
meal. Rapid improvement results. In 
cases with rectal ulceration, enemas of 
bismuth, neoarsphenamin, and mucil- 
age were added, with good results. 
Le Noir and Dc Forsey (Bull. Soc. 
med. des hop. de Paris, July 6, 1922). 

Superior even to ipecac and in some 
degree assuming the position of a true 
specific is emetine hydrochloride (see 
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the article on Emetine, this volume) 
an alkaloid of ipecac introduced by 
Leonard Rogers (British Medical 
Journal, June 22, 1912) in the treat- 
ment of amebic dysentery and hepatitis. 

Vedder had previously shown that 
this substance, the principal alkaloid of 
ipecacuanha, has the power in high 
dilutions of destroying amebae in broth 
cultures; Rogers confirmed this by 
testing the effect of emetine hydro- 
chloride on Entameba histolytica in 
dysenteric stools. When mucus con- 
taining numerous active amebae was 
placed in the alkaloidal solution, the 
pathogenic organism was immediately 
killed and materially altered in its 
microscopic appearances by a 1 : 10,000 
solution, while after a few minutes it 
was rendered inactive and apparently 
killed by as weak a solution as 1 : 100,- 
000. Administration of emetine hydro- 
chloride hypodermically in a few cases 
of amebic dysentery yielded excellent 
results. It did not produce vomiting, 
even though in the same cases ipecacu- 
anha given by mouth had done so; the 
alkaloidal salt was at first given in 
doses of % grain (0.01 Gm.), this 
being equal to 15 grains (1 Gm.) of 
ipecacuanha. In the later cases % 
grain (0.02 Gm.) and even 3/2 grain 
(0.03 Gm.) were given without pro- 
ducing any ill effects on the patient, 
though their action on the disease was 
magical. The hydrobromide of eme- 
tine might also be given, but it is not 
quite so soluble as the hydrochloride. 
An advantage of the method is that the 
drug can be given even when the ad- 
ministration of ipecacuanha by the 
mouth is impracticable. 

The writers deem intravenous injec- 
tions of emetine, as recently recom- 
mended by Petzetakis, to be justifiable 
in cases refractory to ordinary meth- 
ods of treatment with emetine and 


organic arsenicals, but believe a dosage 
of 0.02 Gm. (% grain) a day by this 
route should not be exceeded, nor 0.25 
to 0.3 Gm. (4 to 5 grains) as the total 
in a course of treatment. Nausea, ex- 
haustion, and later asthenia, multiple 
neuritis, etc., are apt to follow such 
injections. Heart-tonics and adrenalin 
may be given to remedy these effects. 
Bensaude, Cain and Rachet (Bull. Soc. 
med. des hop. de Paris, May 15, 1924). 

As to enemas, they should be given 
slowly and as high as possible, the 
patient lying on the right side with 
hips elevated and head low ; 3 quarts 
(liters) of a warm solution of quinine 
in strengths ranging from 1 : 5000 to 
1 : 500 may be given once or twice 
daily, each to be retained for fifteen 
or twenty minutes unless the pain is 
too severe. An initial enema of even 
greater strength may be employed, up 
to per cent, or even 1 per cent, of 
quinine. It usually gives rise to buz- 
zing, nausea, and occasionally vomit- 
ing, sweating, and a great deal of 
I)ain, but all these symptoms rapidly 
abate. Harris recommended peroxide 
of hydrogen, 1 to 2 pints (500 to 1000 
c.c.) diluted with 4 to 8 times the 
amount of w^ater. Eucalyptol or cor- 
responding doses of the gum in 1 per 
cent, to 4 per cent, strength was ad- 
vocated by Ford. Tuttle recom- 
mended simply enemas of ice-water, 
and reported a number of cases of 
which cures resulted from its frequent 
use. If definite results do not 
promptly follow the above measures 
an appendicostomy should be per- 
formed, and ice-water or quinine, 
or these agents in alternation with 
hydrogen peroxide or eucalyptol, 
should be introduced through the ap- 
pendicostomy opening and the bowel 
thoroughly irrigated twice daily. 

As soon as a diagnosis of liver ab- 
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scess has been made, the abscess should 
be opened and drained and the cavity 
thoroughly washed out with quinine 
solution. 

In chronic dysentery, irrigation of 
the colon through the verniiforni ap- 
pendix or an opening into the cecum 
has given good results. 

Appendicostomy is indicated when 
the case is refractory to rectal irri- 
gations. The writer met with marked 
success in 2 cases, using quinine or 
saline solution through fistula. The 
operation should be i)crformed in two 
stages: First bring base of appendix 
against abdominal wall, stitching meso- 
appendix to peritoneum ; forty-eight 
hours later, apply cocaine to appendix, 
snip off with scissors, and introduce No. 
10 rubber catheter. Anders and Rod- 
man (Jour. Amer. ^ted. Assoc., Feb. 12, 
1910). 

Case of amebic hepatitis with febrile 
cycle of 11 to 12 days cured with 0.04 
(% grain) injections of emetine hydro- 
chloride. T^aporle and Roques (Bull. 
Soc. nied. des hop. dc Baris, Apr. 13, 
1922). 

On the basis of results obtained, the 
writer advocates intensive emetine 
treatment before resorting to surgical 
measures. Falzi (Policlinico, May 15, 
1922). 

Chaparro amargosa, used as a do- 
mestic remedy for many years among 
the inhabitantvS of Mexico and Soutli- 
we.st Texas, has l)een availed of to 
some extent by the medical profes- 
sion, with favorable immediate results. 

The name, chaparro amargosa, means 
“bitter bush.” This is a shrub grow- 
ing to a height of about 4 feet, and 
belonging to the family Siwantbacccc, 
The WTiter advocates the use of an 
infusion made by boiling samples from 
all parts of the bush (roots, top, 
branches, leaves and red berries) for 
30 to 45 minutes. After the infusion 
has been strained, the patient drinks a 
glassful of it 4 times a day, and also 
once or twice daily takes by rectum 
as much as he can conveniently re- 


tain 15 to 20 minutes. The exact 
strength of the infusion cannot be 
stated, but it should have the color of 
weak tea. It seems to be non -toxic. 
In all cases seen by the writer there 
was immediate response to this treat- 
ment, the diarrhea and ameba? disap- 
pearing on the second day. Relapses, 
however, have been very freciuent. A. 
A. Goldsmith (111. Aled. Jour, Feb., 
1926). 

Prophylaxis. — Miiller (Miinch. med. Woch., 
Jan. 2, 1917) found lt>5 carriers of typhoid, 
paratyphoid or dysemtery among the 20,019 
men examined in about two months He 
urges re-examination at intervals of all men 
Avho have anything to do with the prepara- 
tion or handling of the food. An indiges- 
tible meal, or exposure to cold and wet, is 
liable to bring on the disease in a previously 
healthy carrier. 

H. IT. Dale (T-ancet, July 29, 1916) found 
repeatedly that the usual hypodermic emetine 
therapy of carriers produced but a tem- 
porary disai)p‘*'irance t)f c> sts from the 
stools. The double iodide of emetine and 
bismuth is a salt from which the emetine 
is liberated only after reaching the alkaline 
intestinal fluids; 3 grains (0.2 (im ) of it con- 
tain 1 grain (0.065 Cm.) of emetine, and 
are eciuivalent to 60 grains (4 Gm.) of 
ipecac. It produced striking results. Tn 
the majority of cases the cysts were 
promi)tly and permanently removed by this 
remedy. 

As a result of a comprehensive study, C. 
Dobell (Editt)rial, Brit. Med. Jour., Jan. 27, 
1917) concludes that the proportion of in- 
dividuals still infected with II, histolytica 
among the convalescents from intestinal 
disorders reaching England from the 
Mediterranean area has been about 18 to 
25 i)er cent. 

The evidence obtained as to the double 
iodide of emetine and bismuth encourages 
the hope that rapid cure of most cases will 
result. Not less than 36 to 40 grains (2.4 
to 2.6 Gm.) in daily doses of 3 or 4 grains 
(0.2 to 0.26 Gm.) must be given; even more 
may be necessary in individual cases. The 
drug may exceptionally succeed in remov- 
ing an infection with E. coli. 

Wm. Egbert Robertson, 
Philadelphia. 
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DYSMENORRHEA.— DEFINI- 
TION. — The term dysmenorrhea is 
ordinarily taken to mean severe or in- 
ordinate pain attending the menstrual 
flow. Such a definition is, however, 
actually incomplete, as there coexists 
in dysmenorrhea a great variety of 
general forms of suffering, to which 
due recognition should be given. 

SYMPTOM S . — General Symp- 
toms. — Along with the local manifes- 
tations there are observed, as the 
most pronounced systemic symptoms, 
extreme nervousness, severe headache 
— occipital or frontal, — mental depres- 
sion or excitation, and sleeplessness. 
In addition, there may be evidences 
of gastrointestinal irritation, such as 
nausea, vomiting of varying severity, 
and occasionally, a serous diarrhea. 

Local Symptoms. — A varying de- 
gree of discomfort is common to very 
many women during the menstrual 
period. M. P. Jacobi placed the pro- 
portion of women who suffer more or 
less at menstruation as 46 per cent. 
There is thus, therefore, some diffi- 
culty in stating precisely the intens- 
ity of distress which may be accepted 
as constituting dysmenorrhea. In 
general, this term may be regarded as 
applicable whenever the pain is suffi- 
ciently severe to require medication 
or incapacitate a woman partially or 
wholly during the period. 

The pain of dysmenorrhea, then, 
may be described as moderate or 
severe. In some instances it is nearly 
intolerable. The suffering may be 
most pronounced during the flow, 
and occasionally occurs as a postmen- 
strual pain. More typically, however, 
it precedes the beginning of the flow 
by a few hours to a few days, and is 
relieved when the flow has become 
thoroughly established. 


Generally the pain is sharp and 
cramp-like or spasmodic in character, 
but it may instead consist of a more 
or less constant ache. It varies in 
quality in a given individual. The 
location of the pain is usually the 
suprapubic region; it is likely to ra- 
diate, however, to the sacral and lum- 
bar regions and the posterior aspects 
of the thighs. There is no direct re- 
lationship between the severity of the 
pain and the amount of blood issuing; 
in fact, dysmenorrhea is, as a rule, less 
frequently observed and less severe 
among women who have an abundant 
flow for several days than among 
those with a scanty or moderate flow 
continuing only a day or two. 

ETIOLOGY AND PATHO- 
LOGY. — Dysmenorrhea prevails par- 
ticularly in the early period of men- 
strual life and among young unmar- 
ried women. Among the married, 
and especially among those who have 
borne children, it is, on the other 
hand, much less frequent. Healthy 
young girls, according to Forssner, 
suffer just as often, if not oftener, 
than those who are anemic. Further- 
more, dysmenorrhea is more common 
in young women free of pathologic 
changes in the reproductive organs 
than where such changes exist. Dis- 
orders of these organs exhibit no 
special relation to the character or 
severity of menstrual pain. Thus, 
dysmenorrhea appears more frequently 
as a functional disturbance than as a 
disorder of organic origin. 

Numerous classifications of dys- 
menorrhea have been proposed, but 
no unanimity of opinion has been 
achieved in favor of any one. A com- 
monly described classification is that 
which recognizes as separate groups 
the essential, the obstructive or me- 
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chanical, the neural|^ic, the ovarian, 
and the membranous forms of dys- 
menorrhea. 7'his classification, how- 
ever, is unsatisfactory, not bein^ 
founded on a logical, scientific basis, 
but rather on habit or custom. In- 
deed, in most cases a combination of 
several of the above-mentioned varie- 
ties — aside from the membranous form 
— actually exists. 

For practical purposes the writer 
prefers to divide painful menstruation 
into the dysmenorrhea of functional 
origin and that of organic origin, — 
although with this division there may 
lie difficulty at times in ascribing cases 
definitely to a functional or an organic 
source. 

Functional Dysmenorrhea. — This is 
the type existing where no gross le- 
sion can be found in the pelvic organs. 
That dysmenorrhea is in iiiOvSt in- 
stances functional is a view which has 
met with increasing acceptance, al- 
though the orthodox o])struction 
theory still has its advocates. 

Functional dysmenorrhea is usually 
met with in adolescents who have not 
had an ojiportunity, either from in- 
fection, the hazards of conception, or 
the violence of parturition, to develop 
uterine, tubal, or ovarian disease. Its 
very obduracy to treatment is sugges- 
tive of a functional source. Generally 
it is neurotic in origin, and is thus apt 
to be met with in women of the emo- 
tional, hypersensitive type. It is also 
sometimes knowm as neuralgic or 
nervous dysmenorrhea. That it seems 
more frequent in stout, robust indi- 
viduals than in those of delicate phy- 
sique bespeaks the possibility of an 
underlying endocrin disorder. Yet, 
sometimes it occurs in women of 
poor general health, especially those 
exhibiting anemia. 


The functional nature of this group 
of cases seems further illustrated in 
that it does not preclude conception, 
as well as in the fact that frequently 
it disappears after marriage, particu- 
larly if the latter be attended by its 
natural sequels, pregnancy and par- 
turition. The reason for these favor- 
able effects on the symptom is as yet 
unknown, and it must be borne in 
mind that the functional neuroses, ac- 
cording to a growing general impres- 
sion, may in many instances have an 
underlying pathologic basis. An as- 
siduous search for such a foundation 
for the symptom is consequently in 
order before any ca.sc can be labelled 
as neurotic. Nevertheless, the writer 
does believe that dysmenorrhea is very 
often to be regarded as a manifesta- 
tion of nervous imbalance or explosion. 

According to H. Meyer, dysmenor- 
rhea is a functional disturbance at- 
tended with s])asnu)dic contraction of 
the uterus, the cause of which is, in 
turn, })sychic, the ]).syche reacting 
upon the uterus by means of its nat- 
ural tendency to contract. Psycho- 
neurotic i)roclivities may thus be ex- 
pected to predispose to dysmenorrhea, 
and the relief from the latter afforded 
by parturition or even the mere phy- 
sical relationship of marriage is ac- 
counted for by the resulting distrac- 
tion of the psyche from its previous 
undivided engrossment in the men- 
strual function. Blacker is disposed 
to recognize a form of dysmenorrhea 
attended with spasmodic rigidity of 
the sphincter about the internal os, 
accompanied by colicky uterine con- 
traction, while Forssner states that 
out of a series of 153 cases seen by 
him, he found emotional factors re- 
sponsible for the trouble in 88. Stod- 
dart regards menstrual pain as nearly 
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always a manifestation of “anxiety 
hysteria/' and asserts that hysterical 
symptoms almost always accompany 
it. 

Report of 4 cases of dysmenorrhea 
which set in following psychic traumas, 
such as eviction, investigation by the 
police, etc. The dysmenorrhea gen- 
erally persists longer than the other 
psychoneurotic manifestations. The 
treatment consists of rest, atropine, 
and psychotherapy. Edelberg and 
Galant (Miinch. med. Woch., Feb. 
20, 1925). 

Clow maintains that the restraint 
customarily pursued in young girls 
during the menstrual periods is actu- 
ally conducive to dysmenorrhea. Out 
of 1118 schoolgirls aged from eleven 
to twenty-five years, 30 per cent, were 
found, at the time of matriculation, to 
suffer from menstrual distress. It 
was universally assumed by these 
girls that menstrual pain was aggra- 
vated by exercise, but upon the actual 
adoption of moderate exercise and 
freedom from restraint at the periods 
the proportion of girls with menstrual 
distress fell to 7 per cent. The dis- 
proval of the preexisting erroneous 
assumption was observed, indeed, to 
have an abiding favorable influence 
on the symptom. 

Some cases of dysmenorrhea have 
been connected with the so-called 
“sexual spots” in the nasal mucous 
membrane, having been found relieved 
by cocaine applications to this mem- 
brane during the periods. Such cases 
are now regarded as neurotic or hys- 
terical, and the effects of cocaine as- 
cribed to suggestion, cocainization of 
other points of the body often yield- 
ing similar results. 

Form of dysmenorrhea dependent 
upon helminthiasis described. The 
author finds Couillaud's “tongue sign” 
a reliable indication of the presence 


of worms (ascaris and oxyuris) in 
these cases; the enlarged fungiform 
papillcX* show as red spots at the tip 
or margins of the tongue. The treat- 
ment consists of small enemas of 
tepid salt water and santonin and 
calomel by the mouth for 3 or 4 days. 
In some cases of oxyuriasis, bismuth 
subcarbonate was given internally. 
The dysmenorrhea disappears along 
with the helminthiasis. G. Leo (Bull, 
de TAcad. dc med.. Mar. 8, 1921). 

Organic Dysmenorrhea. — For the 
most part, dysmenorrhea occurs in 
patients uncommonly free from mor- 
bid i)elvic conditions. Nevertheless 
there are numerous forms of organic 
disease of the reproductive organs 
that may give rise to the symptom. 

Holden has maintained that retro- 
displacements of the uterus, pelvic in- 
flammatory disease, and myomas are 
the cause of nearly nine-tenths of the 
cases of true organic dysmenorrhea, 
these three groups being held respon- 
sible for 41, 37, and 11 per cent., re- 
spectively, of such cases. According 
to this, abnormal position of the uterus 
would, in general, seem to be at the 
bottom of the menstrual distress. 
Eighty-six per cent, of nulliparous 
women with retrodisplacements, ac- 
cording to Floldcn, suffer from dys- 
menorrhea. On the other hand, of mul- 
tiparous women with retrodisplace- 
ments, only 25 per cent, suffer from 
this symptom. The present general 
opinion is that the actual cause of the 
dysmenorrhea attending retrodisplace- 
ments is, not an obstruction to the 
uterine lumen, but the associated in- 
flammatory states of the endometrium, 
the uterine wall, or both. 

Inflammatory disease of the uterus, 
ovaries or Fallopian tubeis is the ap- 
parent cause of menstrual distress in 
31 per cent, of the cases of such dis- 
ease, while of myoma patients, 20 per 
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cent, suffer similarly, with the tumors 
as the apparent cause. The submu- 
cous or interstitial types of myoma 
are the most likely to induce dys- 
menorrhea, which they may excite 
either by stimulating attempts at ex- 
pulsion or through interference with 
uterine contraction. Chronic appendi- 
citis has also been observed to induce 
inordinate menstrual pain. 

Appendicular dysmenorrhea observed 
in 90 per cent, of the writer’s cases 
of appendicitis in women. Appendi- 
citis can often be differentiated from 
adnexitis through the presence of 
dysmenorrhea in women previously 
not troubled with it. Pain appears 2 
or 3 days before the period and recurs 
on the first day of menstruation, most 
severely in the right ovary and region 
of the appendix, from which it ex- 
tends down the leg. In oophoritis 
the pain instead extends through the 
whole abdomen. Since, on operation, 
the appendix was not found adherent 
to the adnexa, the conclusion was 
reached that the menstrual congestion 
induces an exacerbation of the appen- 
dicitis. Castaho (Prensa med. Argent., 
Feb. 20, 1925). 

Much attention has been given — in 
the past more than at the present 
time — to acute anteflexion of either 
the normal or the infantile type of 
uterus as a source of menstrual dis- 
tress. The resulting dysmenorrhea 
has been ascribed to obstruction to 
the escape of menstrual blood on ac- 
count of the angulation of the organ, 
and been referred to as an obstructive 
or mechanical type of dysmenorrhea. 
The obstruction may be further ac- 
centuated, it has been thought, by 
menstrual turgesccnce of the endo- 
metrium. Again, a chronic endome- 
tritis and metritis might be thought 
to be activated during menstruation 
and play a marked role in the pro- 
duction of the pain. In some cases of 


“obstructive” dysmenorrhea, on the 
other hand, stenosis of the internal 
os or the cervical canal, or a so-called 
pinhole external os, have been re- 
garded as causes of the symptom. 

In the writer’s belief, true obstruct- 
ive dysmenorrhea is a rare occurrence. 
If uterine displacement caused actual 
obstruction, the symptom would be 
even more common than it is. Nu- 
merous observations have shown that 
menstrual pain may occur in the en- 
tire absence of a mechanical barrier 
and that it may be wholly absent even 
in pronounced mechanical obstruction 
(Novak). Irrespective of the degree 
of twisting, turning, or bending of the 
uterine body upon the cervix, it would 
seem a physical impossibility for the 
cervical canal to be reduced to a tube 
having a dianieter less than that of a 
red or white blood cell. No reference 
in the literature to a cervical canal of 
microscopic size has been found by the 
writer. Hubert, in sections of cervi- 
ces, was never able to demonstrate a 
stenosis in the anatomic sense. Again, 
even with extreme angulation, either 
anteriorly or posteriorly, pain does 
not occur constantly with every men- 
strual period. A painful period fre- 
quently alternates with a period that 
is wholly painless in the same indi- 
vidual. This fact in itself would ap- 
pear sufficient to invalidate the theory 
of obstruction as the main factor in 
a definite group of dysmenorrheas. 

“Ovarian dysmenorrhea” is a term 
which has been applied to painful 
menstruation attributed to congestion 
of the ovaries. Pain preceding the 
menstrual flow has been regarded as 
of ovarian origin, while pain accom- 
panying the flow has been thought 
to arise in the uterus. The former 
type of pain could be classed more 
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properly, it seems, with the cases due 
to definite inflammatory disease of 
the ovaries. In this connection it 
should be borne in mind, however, 
that even where there are gross le- 
sions involving these organs, men- 
strual pain is conspicuously absent. 
Except in hypofunction of the ovaries, 
which is generally associated with 
polyglandular dysfunction, the writer 
is inclined to doubt whether ovarian 
dysmenorrhea ever occurs. Further, 
where dysfunction of several glands 
exists, it is difficult to say which 
gland or set of glands is inducing the 
pain. 

Hitschman and Adler recognize 3 
phases in ttie cycle of the uterine 
mucosa, regeneration, secretion, and 
desquamation. These can always be 
recognized in scrapings. Examina- 
tion of the material obtained in 41 
women curetted for dysmenorrhea 
showed in. most cases acceleration of 
the regenerative process or delay in 
the phases, the result of disturbed 
ovarian function. Likewise, of 31 
women curetted for sterility, the 
majority showed pathological changes 
ascribable to ovarian dysfunction, 
while in a few abortion, tuberculous 
endometritis, and other causes were 
recognized. The indication is thus for 
specific treatment of the ovary, and in 
particular for stimulative X-ray treat- 
ment of these glands with % or 
of the castration dose or 10 to 20 per 
cent, of the erythema skin dose. N. 
Temesvary (Zent. L Gyn., Apr. 19, 
1924). 

iProbably the commonest local cause 
of dysmenorrhea is rudimentary de- 
velopment of the uterus, dependent 
upon endocrin imbalance. 

Analyzing 100 cases of dysmenor- 
rhea, the writer was led to recognize 
one large group of cases due to faulty 
hygiene, upbring^g and surroundings. 
These are thin, anemic subjects, with 
weak abdominal muscles, absent ab- 


dominal breathing, faulty posture, 
constipated and with visceroptosis or 
poor circulation. The uterus is often 
arrested in development and easily 
exhausted by expulsive work. 

Another group is that in which the 
disturbance is^ functional and allied 
somewhat to migraine,; . Headache 
and nausea commonly ac^mpany the 
menstrual pain. These are often Sen- 
sitive, nervous, wO]:ri|ed women with 
eye-strain and e6nsjj|yatioit, and the 
dysmenorrhea is om Symptom of an 
“anxiety neurosis.” Whenever the 
general symptoms are more marked 
than the local, general treatment is 
more likely to be successful. ^ 

In a third type, the symptoms and 
signs suggest some form of obstruc- 
tion. While liquid blood may not be 
obstructed, clots, and especially solid, 
rolled up casts may cause consider- 
able pain. The pain is intense and 
sudden, as in ureteral colic, and sub- 
sides rapidly when the clots are ex- 
pelled. 

The fourth and last type is that 
with complaint of pain in one iliac 
region either alone or before the cen- 
tral pain, with signs of arrested de- 
velopment of the genital organs. 
Leonard Phillips (Proc. Roy. Soc. of 
Med., Sept., 1923). 

Membranous Dysmenorrhea. — By 

membranous or exfoliative dysmenor- 
rhea is meant a form of pain accom- 
panied by the expulsion of shreds br 
a partial or even complete cast of the 
endometrium. The shreds or pieces 
may be thin, or more thick if, as is 
rarely the case, there is a complete 
exfoliation. Sometimes pieces of mem- 
brane are mixed with blood-clot. Such 
a discharge rarely continues at the 
regular monthly periods, but may 
nevertheless occur several times in 
the same individual. The large pieces 
or casts may be mistaken for a dis- 
charge of decidual material following 
abortion, which they resemble macro- 
scopically. Microscopic study, how- 
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ever, reveals differences, the histologic 
make-up of the membrane being char- 
acteristic, while the cells are smaller 
than decidual cells and exhibit more 
irregularity, under separation, and 
more pronounced degenerative change. 

This type of dysmenorrhea is met 
with usually in virgin or nulliparous 
patients. It has been attributed to 
inflammatory endometrial change due 
to gonorrhea or infection following 
abortion or the puerperium. As a 
matter of fact, however, most cases 
occur in women free of a history either 
of infection, abortion, or labor. The 
cause of the disorder must, therefore, 
be said to be unknown. 

Intermenstrual Dysmenorrhea. 
— This condition, also known as peri- 
odic intermenstrual pain or ^'middle 
pains/' is not, strictly speaking, one 
of painful menstruation, since it is in 
no way associated with ordinary dys- 
menorrhea, and occurs quite inde- 
pendently of actual menstrual pain. 
It shows a time relationship to men- 
struation, however, in that the pain 
occurs with some regularity between 
the menstrual periods. 

While this pain may be experienced 
at any time between the periods, it is 
most likely to occur halfway in the 
menstrual interval. Usually it con- 
tinues for only two or three days, 
but it may persist longer, or even ex- 
tend until the next menstruation sets 
in. It may recur only for a few 
months, or may continue for several 
years, or even from puberty until the 
menopause. The pain may be either 
dull or sharp, but is seldom of violent 
degree. It is felt usually in one or 
both ovarian regions. 

This type of pain is met with most 
commonly in the active sexual period, 
but occurs more frequently in nulli- 


para than in parous women. Out of 
41 cases recorded by Kelly, 20 were 
between 20 and 35 years of age at the 
onset of the trouble, while 2 were over 
35 years. Out of 66 cases mentioned by 
Heany, in the majority of which the 
pain had begun one or two years after 
puberty, only 3 of the women became 
pregnant. 

Along with intermenstrual pain there 
generally exists some discharge. This 
was the case in 39 out of a total of 64 
patients reported by Kelly. In most 
instances some lesion of the repro- 
ductive organs was found accounting 
for the discharge. The latter seldom 
contained blood, ranging in appear- 
ance nearly always from that of an 
ordinary leukorrhea to a yellowish or 
clear watery fluid. 

IntermeiiwStrual pain is associated in 
a majority of instances with adnexal 
inflammations. The ovaries, in par- 
ticular, arc frequently found to be 
cystic, hypoplastic, or the seat of 
hematoma. Occasionally, inflamma- 
tory tubal lesions exist, and .sometimes 
intermenstrual pain of long standing 
has disappeared on removal of tubes 
the seat of hydrosalpinx or pyosalpinx. 
Sometimes, on the other hand, no pelvic 
lesion can be found. Such cases have 
been ascribed to sclerosis of the ovary, 
causing failure of mature Graafian folli- 
cles to rupture, the attendant tension be- 
ing presumed to be a factor in producing 
the pain. This view presupposes that 
ovulation takes place regularly in the 
menstrual cycles, and such regularity 
has not been demonstrated to exist. 

PROGNOSIS.— The prognosis in 
dysmenorrhea varies according to the 
conditions underlying it and the at- 
tendant ability or inability of the ob- 
server to utilize effective methods of 
treatment. In the minority of cases 
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in which dysmenorrhea is dependent 
upon definite lesions or defects, cor- 
rection of these lesions or defects may 
be expected to yield a cure. Where 
such causative conditions cannot be 
found, the ])rognosis will depend in 
part upon the feasibility of improving 
the patient’s general conditon, marked 
betterment in this direction often in- 
nuencing the dysmenorrhea favorably. 
Psychic influences may be similarly 
eiYectivc. While dysmenorrhea some- 
times persists throughout the men- 
strual life, in many such instances it 
becomes gradually more tolerable. 
The prognosis where drug treatment 
alone is used is very uncertain, such 
treatment having generally only a 
temporary palliative effect. 

Tn the membranous type of dys- 
menorrhea, sj^ontaneous recovery some- 
times occurs, while in other cases the 
symptoms recur regularly or irregu- 
larly for an indefinite time, in spite of 
all therapeutic attempts. 

Intermenstrual pain is amenable to 
treatment, according to the results 
obtained in Kelly’s .series, in only 
one-half of the cases. Of the remaining 
one-half, some can be improved; others 
are uninfluenced by treatment. 

TREATMENT.— In view of the 
varying factors that may be respon- 
sible for dysmenorrhea, as set forth 
under Etiology, it is obvious that the 
treatment must vary according to the 
indications existing in the individual 
case. A feature of the management 
which applies to all patients is the 
preliminary careful inquiry into the 
pathogenesis, to be followed, if feasi- 
ble, by removal of the cause, whether 
by medication, operation, or both. 

Further consideration of the treat- 
ment may, for convenience, be divided 
into the general and the local measures. 


A. GENERAL TREATMENT.— In 

the majority of cases much more can 
be accomplished by directing treat- 
ment along systemic rather than on 
local pelvic lines. Among the most 
important general measures is rest, 
which may vary in duration from a 
few hours to a day or more, according 
to the severity of the pain. Rest be- 
tween the periods, particularly an 
abundance of rest at night, is, how- 
ever, of even much greater value than 
short rests during the period itself. 

Especially in patients with func- 
tional neuroses or in poor systemic 
condition is it necessary to restore 
and maintain the general health at a 
high standard. The regular ingestion 
of three generous meals daily should 
be insisted on (most young girls are 
content with two). The patient 
should live in comfortable, well-ven- 
tilated rooms and secure an abun- 
dance of fresh air. Standing for long 
periods in a strained or awkward 
position must be avoided. Moderate 
exercise out-of-doors or under suitable 
indoor conditions will, however, be 
useful for “building-up” purposes and 
exert favorable eflects on the nervous 
system and the gastrointestinal and 
pulmonary functions. Regular bath- 
ing, either at home or in bathing 
establishments, is likewise important. 

Dysmenorrhea is in most cases 
curable by exercise. Operation should 
not be even suggested until baths and 
exercise, with judicious use of drugs, 
have been tried at least 6 months. 
The patients — and their mothers — 
arc to be taught that the treatment of 
this symptom does not consist in sub- 
duing pain by drugs, but depends 
largely on health regulation by daily 
exercise in the open air, to be con- 
tinued throughout the period. Having 
ascertained by examination that there 
is no evidence of disease or struc- 
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tural abnormality, the writer urRcs a 
bath at the beginning of the period, 
hot enough to flush the skin, and to 
be repeated daily throughout the 
period. Nothing gives relief so 
promptly. The daily exercise, which 
should involve bending and swaying 
movements of the body, should be 
begun some days before and con- 
tinued throughout the period. If pos- 
sible, it should take the form of w'ork, 
games or sport, to divert the mind 
from the condition. For women 
doing sedentary work all day, exer- 
cise in the bedroom in the early 
morning wull generally sufiice, but in 
all cases it must be vigorous enough 
to promote a healthy glow or even 
sweating. In nervous women she 
generally prescribes a mild analgesic 
for the first 3 periods, but often finds 
it discarded after the first. A. E. S. 
Clow (Brit. Med. Jour., Sept. 27, 
1924). 

In view of the frequent coincidence 
of habitual constipation with inen- 
vStrual pain, measures should be taken 
to obtain regular bowel evacuations, 
preferably by diet, habit, and exercise 
rather than the use of drugs. If an- 
emia is present, it should similarly be 
combated with a generous diet and 
blood reconstructives. 

In the neurotic type especially, 
nervous excitement and emotions are 
to be avoided. In such cases much 
good can be done by psychotherapy. 
In various medical or surgical treat- 
ments for dysmenorrhea, indeed, sug- 
gestion is frequently an important 
factor in the benefit obtained. If, in 
certain cases, the symptom has been 
excited by suggestion, suggestion should, 
conversely, be effective in overcoming 
it. According to Stoddart, nearly every 
one of the large proportion of cases 
which he considers as being of the 
spasmodic hysterical types is amen- 
able to psychotherapy. 


No drug is specific in dysmenorrhea, 
and the agents of this class are, there- 
fore, useful mainly for ])allialive rather 
than curative effects, although occa- 
sionally the organic extracts appear to 
exert some curative action. 

In cases with extreme nervousness, 
sedatives such as the bromides arc of 
service. Among the vegetable seda- 
tives, valerian, sumbul, and asafetida 
have been used with asserted benefit. 
For the relief of the ])ain, acetanilid 
and acetphenetidin, while somewhat 
depressing, act best among, the coal- 
tar analgesics. J'hther of these may 
be given in average doses, jireferahly 
comhiiicd with 1 grain (0.06 Gm.) of 
caffeine, repeated if necessary every 
two or three hours up to a maximum 
of three or four doses in the twenty- 
four hours. 

Benzyl benzoate, advocated by Lil- 
zenherg, has been given in a 20 per 
cent, alcoholic solution in doses of 20 
to 40 drops, repeated every three or 
four hours. To eliminate the un- 
pleasant taste, it may instead be ad- 
ministered in .S-minim (0.3 c.c.) ca})- 
sules. In the writer’s experience 
with it in several obstinately violent 
cases, however, no relief was forth- 
coming, and he has discontinued its 
use. 

Series of 80 unsclectccl cases in 
which either benzyl benzoate or 
benzyl succinate was used. In the 
later cases the succinate was given, 2 
five-grain (0.3 Gm.) tablet.s being in- 
gested every hour until relief. Bene- 
fit w^as usually obtained within 3 
doses, though a few took as many as 
8. The results were good in 52, fair 
in 20, and poor in 8. J. J. Mundcll 
(Surg., Gynec. and Obst., Nov., 1922). 

Opium or its derivatives should 
never be used in dysmenorrhea, en- 
tailing too great risk of habit forma- 
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tion. Similar considerations apply* in 
the case of alcohol, which, while it 
cannot possibly do any permanent 
fjood, may do much permanent harm. 

Definite utility can be accredited to 
atropine in the so-called "‘spasmodic’^ 
type. of dysmenorrhea. According to 
E. Novak, it is especially useful in the 
cases attended with a scanty flow and 
sometimes with sterility. It dimin- 
ishes the irritri])ility of the autonomic 
nerve-terminals in the uterus. Lud- 
wig and Lenz, by the use of a cellu- 
loid abdominal window in animals, 
witnessed complete relaxation of the 
non-pregnant uterus within a few 
minutes after intravenous injection 
of atropine sulphate. 

This alkaloid may be administered 
in one of several ways: (a) Injection 
of 0.001 Gm. (%r, grain), dissolved in 
1 c.c. (16 minims) of water, into the 
cervical canal, as advocated by Drenk- 
hahn; (/;) application to the cervical 
canal on a tampon saturated with a 
1 per cent, solution ; (r ) hypodermic 
injection; (d) in supi)ositories ; (c) 
by the mouth, in pills or capsules. 
The last-mentioned method — the easiest, 
especially in young virgins, — is com- 
mended by E. Novak, who adminis- 
ters grain (0.0006 Gm.) three 

times daily, beginning two days be- 
fore the expected flow and continuing 
until the second or third day of the 
flow. Belladonna by the mouth has 
also been used. 

According to F. C. Coley, pulsatilla 
is a definitely effective agent, which 
will yield almost immediate relief in 
an attack and a permanent result 
after regular use at five or six periods. 
He found it especially useful in cases 
with pain for the first day or two of 
each period, or sometimes beginning 
a day or two before it, with the loss 


usually small. He orders the follow- 
ing mixture to be started when the 
pain sets in: — 

Tincturcc pulsatillcp 

(N. F.) f5ss (15 C.C.). 

Spiriius chloroformi. f5ij (7.5 c.c.). 
Aqua chloroformi .. fjvj (180 c.c.). 

M. Sig. : Two teaspoonfuls every 3 or 4 
hours. 

In certain cases showing a mod- 
erate degree of genital maldevelop- 
ment, organotherapy may be produc- 
tive of some good, though if there is 
marked hypoplasia, no result is to be 
expected. The results are best in 
young patients — below twenty years. 
The following combination is suitable : — 

Thyroidei, 

Pitnitarii aa gr. vj (0.4 Gm.). 

Gland, ovar. sicc, 

(whole) 5nss (10 Gm.). 

Pone in caps. no. lx. 

Sig.: One capsule three times daily. 

If organic drugs yield benefit, they 
may be continued for years or indefi- 
nitely. Where dysmenorrhea is as- 
sociated with thyroid hypofunction, 
improvement, if not recovery, is apt 
to occur. 

Out of 100 cases, 50 were treated 
by organotherapy. Thyroid, corpus 
luteum, pituitary anterior lobe and 
mixed glands were used separately 
and effectively. The majority re- 
ceived hormotone, 1 tablet /. d. s. for 
7 days before and during the period. 
Mist, cascara comp. (B. P.) was 
given daily throughout the month., 
If unrelieved, analgesics were used, 
sometimes with tincture of belladonna 
or benzyl benzoate, or at times atro- 
pine sulphate. Forty-six of the 50 
cases were relieved at least suffi- 
ciently to work throughout the period 
in comparative comfort. Of 40 cases 
treated with antispasmodics alone, 34 
were benefited. Ten cases were 
treated between the periods with bro- 
mides and salicylates combined with 
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laxatives, and during the periods re- 
ceived small nightly doses of pheno- 
barbital; all were relieved. Testicular 
extract, alone or with prostatic ex- 
tract, is sometimes successful iu the 
type of cases with iliac as well as 
central pain and signs of arrested de- 
velopment of the genital organs. 
Leonard Phillips (Proc. Roy. Soc. of 
Med., Sept., 1923). 

Endocrin disturbance resulting in 
vagotonia is the commonest cause of 
dysmenorrhea without gross patho- 
logical lesion in the pelvis. Where 
a deficiency of ovarian secretion is 
detected, ovarian extract in 5-grain 
(0.3 Cm.) doses 3 times a day, given 
continuously over a period of 2 or 3 
months, is indicated. Ovarian extract 
is also of value in dysmenorrhea with 
h 3 q)erpituitarism, as well as in cases 
with an overactivc thyroid, especially 
in the early stages with symptoms of 
mild hyperthyroidism. When the 
compensatory increase of the thyroid 
secretion has continued till there is 
exhaustion of the thyroid gland, the 
giving of % to y 2 grain (0.015 to 0.03 
Gni.) of thyroid with the ovarian ex- 
tract will give excellent re.sults. 
Where the fault lies in the deficiency 
of either the thyroid or the pituitary, 
the exhibition of these glands is indi- 
cated. Where physical or mental 
shock or prolonged illness predis- 
poses to the dysfunction, the patients 
usually show suprarenal exhaustion. 
Here adrenalin, followed by strych- 
nine, has been found to give good re- 
sults. A. Bercovitch (Canad. Med. 
Assoc. Jour., Apr., 1924). 

Applications of cocaine in 10 to 20 

per cent, solutions to the so-called 
“genital spots” on the inferior tur- 
binates and nasal septum may prove 
of service in the rare instances of 
“nasal dysmenorrhea.” Brettauer, re- 
porting on 66 cases thus treated, as- 
serted that over one-half of the pa- 
tients were given immediate relief, 
with a permanent result in about one- 
third. The results thus seem equiva- 


lent to those obtained with other 
thcra])eutic procedures, both medical 
and surgical. 

Marriage, culminating in due time 
in ])arturiti()n, constitutes the only 
wholly depcMulable recourse for the 
relief of ol)Stinate dysmenorrhea, as 
has long been ap])reciate(l both by the 
laity and the profession. While not 
always available, this thera])cutic 
measure, when resorted to. rarely 
meets with defeat, desj)ite our lack 
of knowledge of its exact modus oper- 
andi in curing the syni})tom. 

B. LOCAL TREATMENT. —In many 
instances, in the i)resence of the ;icute 
attack, a hot water bag over the siq^ra- 
pubic region, together with a few 
hours* rest on a couch or in bed, will 
bring relief. Sometimes, as an ap- 
parent paradox, an ice-bag is more 
effectual that local warmth. 

In the internienstrual intervals, 
systematic use of the hot vaginal 
douche, particularly in cases with 
pelvic congestion, will tend to prevent 
recurrence of the dysmenorrhea. In- 
sertion of a hygroscopic tampon twice 
a week may he availed of in addition 
with advantage. '• 

Retrodisplacements, if found, vshould, 
where operation is refused or inadvis- 
able, be corrected and the j)r()per ])osi- 
tion mainatined by a vaginal pessary. 

In obstinate dysmenorrhea the use 
of radium is preferable to radical sur- 
gical procedures, although in young 
women, particularly those who are 
anxious to have children, a prolonged 
exposure which would bring ab(3Ut 
permanent amenorrhea and sterility 
must be carefully avoided. In this 
treatment one of the radium salts is 
inserted, properly screened, into the 
uterine cavity. In young women 
especially, the dpse should not ex- 
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ceed 300 milligram-hours. In older 
women, and particularly in those ap- 
proaching the menopause, this limi- 
tation of dosage may be disregarded, 
and a dose sufficient to induce ])cr- 
manent amenorrhea seems desirable. 


In the presence of chronic engorge- 
ment of the endometrium or uterine 
wall, or in acute anteflexion of a nor- 
mally developed uterus, dilatation and 
curettement may prove of benefit. In 
some cases added introduction of a 



Fig. 1. — Conical cervix. Punctiform orifice. {S. Pozzi.) 
(Surgery, Gynecology and Obstetrics.) 


Surgical treatment shpuld be em- 
ployed only where definite conditions 
calling for such treatment exist. In 
dysmenorrhea coexisting with rudi- 
mentary uterus or acute anteflexion 
and ill development of this organ, 
surgical procedures are futile and con- 
traindicated. 


stem drain in the uterus may be use- 
ful, though at times such a foreign 
body proves irritating and harmful. 
In uncomplicated dysmenorrhea the 
results of simple dilatation and curette- 
ment will be found sufficient and com- 
pare favorably with those of more 
radical surgery of the cervix. Accord- 



DYSMENORRHEA (BLAND). 


397 


ing to Blacker, this procedure will 
permanently cure one-third of the pa- 
tients and relieve an additional third 
for one or more periods. Rawls, in 
117 cases, in some of which a pessary 
was used in addition, recorded im- 


had been relieved, though in 7 per 
cent, the symptom had returned. 

Blair Bell, an adherent of the ob- 
struction theory of dysmenorrhea (in 
particular, obstructiim at the internal 
os), maintains that the proportion of 



Fig. 2,— Bilateral incision of the cervix. (S. Pozzi.) 
(Surpery, Gynecology and Obstetrics.) 


provement in 77.8 per cent, and relief 
in 61.1 per cent., though the operation 
was attended by definite percentages 
of temporary and permanent mt>rbid- 
ity. Holden, tracing 95 patients one 
to twelve years after dilatation and 
curettement, found that 40 per cent. 


good results from dilatation and cu- 
rettement is approximately doubled 
by the added ])erformance of cervical 
hysterotomy, with or without high 
divulsion. For this combined proced- 
ure he claims cure in 86 per cent, of 
a large series of cases. 
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In severe essential dysmenorrhea, 
the writer firmly packs the uterus and 
cervix with iodoform gauze and leaves 
it undisturbed until the 8th day. If, 
as is usually the case, upon using a 
No. 10 or 11 Hegar dilator an unyield- 
ing band is found which precludes 


Clcland (Amer. Jour, of Obst. and 
Gyn., Sept., 1924). 

Splitting the cervix, anteriorly or 
posteriorly or both, following dilata- 
tion and curettement, has been fre- 
quently performed and may be product- 



Fig. 3.~Hollowing out the cut surface.^ of the cervix. (S. Pozzt.) 
(Surgery. Gynecology and Obstetrics.) 


further dilatation, he makes, with a 
blunt-pointed bistoury, 2 lateral in- 
cisions in the internal os about Mh to 
to inch deep. Dilatation is then 
easily continued to a No. 14 or 15. 
Asepsis is imperative. Of 175 cases 
thus dealt with, 138 have been cured 
or markedly relieved, and in none 
have any ill-effects resulted. F. A. 


ive of benefit. In the Pozzi operation, 
free bilateral incisions of the cervix 
are made and followed by excision of 
a small triangular piece of tissue from 
the middle of each of the four raw 
surfaces made by the incisions. The 
mucosa of the cervical lumen is then 
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sutured to the mucosa on the outer re.sult of acute anteflexion. In this 
aspect of the cervix, thus closing the procedure, after dilatation of the utcr- 
four raw surfaces and leaving' the ine canal, the posterior wall of tlie 
lumen of the cervix widely gaping, cervix is split to the cervicovaginal 
While this procedure has sometimes junction. Ne.xt, the angle of fle.xion 
afforded relief it has the disadvantage of the uterus is incised with a scalpel 



Fig. 4.— Introduction of the stitches. The commissural stitches arc drawn tight. (JS>. Pozzt^ 
(Surgery, Gynecology and Obstetrics.) 


of exposing the cervical mucosa to in- 
fection, with subsequent inflammatory 
changes and the dangers attendant 
thereto. 

Preferable is E. C. Dudley’s opera- 
tion, which obviates the risk of ex- 
posure of the mucosa, and is of par- 
ticular service in dysmenorrhea the 


passed into the cervical canal. The 
mucomuscular layer of the uterus is 
incised widely enough to allow en- 
trance of the index finger into the 
uterine cavity. From each side of 
the cervical raw surface a wedge-shaped 
piece of tissue is now excised. A cat- 
gut suture is introduced as shown in 



400 


DYSMENORRHEA (BLAND). 


Fig. 6, and two or three oilier sutures Dilatation of the cervix and light 

then introduced bilaterally to secure curettement of the uterus for the pur- 

coaptation of the lateral surfaces. stimulation give a varying 

— . r • 1 r percentages of cures and relief in the 

Finally, a superficial section of tissue surgeons, some re- 

is excised from the anterior lip of the porting as high as 60 per cent, of 

cervix, and the resulting raw area cures, others, a much lower percent- 



Fig. 5.— The operation finished. All the stitches have been drawn tight and the leaden 
guards applied. {S\ Pozzi.') 

(Surgery, Gynecology and Obstetrics.) 


closed by three or four sutures intro- 
duced transversely. While obviating 
exposure of the endocervix, this opera- 
tion throws the cervix backward and 
high up into the posterior vaginal 
fornix, thus overcoming the angle of 
uterine flexion. 


age. As regards the added use of a 
stem pcssar}^ Crossen recommends 

the Baldwin glass stem or the Dickin- 
son hollow silver stem, both of which, 
when properly placed, lie entirely 
within the cervix. Stacy and Joseph 
increase their percentage of relief an 
additional 13 per cent, by using the 
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Baldwin stem. The principal function 
of an added uterine suspension is to 
allow the uterus to receive its blood- 
supply properly and keep the canal 
free of stenosis. The author’s experi- 
ence, however, has been that where 
dilatation, curettement and suspen- 
sion were done no relief was obtained 
until the Dudley operation was per- 
formed, while in cases where a Dud- 
ley operation was performed no re- 
lief obtained until a suspension was 
done. Dilatation and curettement 
alone are many times the means of 
stimulating the uterus of the married 
woman so that she may become preg- 
nant, the pregnancy, in turn, curing 
the dysmenorrhea. C. C. Kennedy 
(Minn. Med., Aug., 1923). 

In some instances, especially if 
there is an anteflexed uterus in retro- 
])osition, intra-abdominal shortening 
of the round ligaments is helpful if 
added to dilatation and curettement. 

Where there is clinical evidence of 
chronic api)endiceal inflamniation, 
appendectomy is sometimes followed 
by alleviation of dysmenorrhea. 

Treatment of Membranous Dys- 
menorrhea. — This condition, when ])cr- 
sistent, may be treated by means of 
the medical measures already described. 
In addition, several procedures are 
available for bringing on the nieii- 
striial period previous to development 
of the membrane. These comprise : 
Thyroid gland in small doses; hot 
vaginal douches twice daily for a week 
preceding the expected period, and 
dilatation and curettement, carried 
out four or five days previous to the 
period. Calcium lactate in 30-grain 
(2 Gin.) doses has proven serviceable, 
particularly where much bleeding at- 
tends the disturbance. 


by a ]>crsistcnt dysmenorrhea resist- 
ant ti> all treatment, hysterectomy 
would seem to be the proi)er pro- 
cedure. C. J. Miller (Amer. Jour, of 
Obst. and Gyn., Apr., 1925). 

Treatment of Intermenstrual Dys- 
menorrhea. — In intermenstrual pain, 
when no local condition calling for 
o])erative correction can be found, 
treatment calculated to procure bet- 
terment of the general health, as by 
rest, generous diet, bathing, and ex- 



Fir. 6.--Du(lh y's operation for acute anteflex- 
ion of the uterus, showing method of .splitting the 
cervix and introduction of sutures. {Bland, ‘’Gyne- 
cology.”) 

ercise, should be ai)i)lied. For the 
pain, analgesics may he given. As 
local measures, external heat, hot 
douches, scarification, blood-letting, 
tampons and mechanical devices may 
be used. Dilatation and curettement 
at times prove successful. Any dis- 
placements existing should be suit- 
ably corrected, and likewise, any ad- 
nexal lesions. 

P. Brooke Bland, 

Philadelphia. 


Ca.se greatly bettered by 25 mgm. of 
radium element applied within the 
uterus for 8 hours. For women over 

40, often with nervous systems wrecked 

4-26 
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EAR, DISEASES OF. See Ex- 
ternal Ear, Internal Ear, and 
Middle Ear. 

ECHINOCOCCUS CYST. See 

Parasite.s, Diseases Due to. 

ECLAMPSIA. See PlTERPERAL 
Eclampsia. 

ECTOPIC GESTATION. See 

Abortion, 7'ubal; also Pregnancy. 
ECTROPION. See Eyelids. 
ECTHYMA . — This disease consti- 

tuted 30 per cent, of war dermatoses. Small 
pustules, scratched open and soiled with 
dirt, form scabs which do not end in heal- 
ing. They may be very numerous. 

Treatment. — After thorough cleansing, 
potassium permanganate solution 1 : 4000 , 
silver nitrate 5 per cent, solution, and tinc- 
ture iodine, are the best agents. The regu- 
lar dressing should be boric acid ointment 
or dermatol. If the ulcers prove at all re- 
fractory the fine Paquelin cautery should 
be applied. 

Warning against the use of wet dress- 
ings in this condition, where it affects the 
limbs, was given by Bodin (Presse med., 
Feb. 3, 1916), a French Army surgeon. 
Crusts having been removed from the 
ulcerations, these should be touched with a 
1 per cent, solution of silver nitrate, dried 
with cotton, then dusted with thymol 
iodide or subcarbonate of iron. Around it 
a zinc paste containing calomel should be 
applied to prevent spreading of the infec- 
tion. When superficial repair is slow, the 
silver nitrate stick may be used, and a red 
cinnabar plaster, extending beyond the ulcer 
only 1 or 2 mm., applied. 

Chastanet (Presse med., May 11, 1916), 
in the ecthymatous sores observed com- 
monly on the lower limbs of soldiers, first 
removed the crusts with sterile moist cot- 
ton pledgets, cauterized the lesion deeply 
with silver nitrate, and applied a sterile 
wet dressing. Cauterization was continued 
until the tissues became reddish, when, 
after a last cauterization of the entire 
lesion, including its margins, 1 in 10 tinc- 
ture of iodine was freely applied. The sur- 


face was then tamponed with slightly moist- 
ened cotton, and a dry sterile compress ap- 
plied. If the lesion was not dry the next 
day, the procedure was repeated. 

ECZEMA (DERMATITIS) — 

Within the last few years, a deter- 
mined effort has been made to substi- 
tute the term Dermatitis for the term 
Eczema. That the latter term, for 
good and sufficient reasons, is rapidly 
outwearing its usefulness would ap- 
pear to be a fact. 

There is the greatest tendency, when 
a diagnosis of eczema is made, to al- 
low matters to rest and make no at- 
tempt to search for a cause. This is 
due to the chaotic state of most minds 
concerning the etiology of this condi- 
tion. Again, tlie term has been so 
vulgarized that, for the layman and 
not a few of those who should know 
better, all skin diseases are eczemas 
and consequently suitalde for all 
remedies recommended as eczema 
cures. Furthermore, many conditions 
formerly groujied under the term 
eczema have been found to have a 
specific cause. In the new concep- 
tion, eczema and dermatitis are iden- 
tical, and the primary object in using 
the term dermatitis is to constantly 
remind the observer of the necessity 
of making every possible effort to de- 
termine the cause. Such a state of 
mind would undoubtedly tend to 
eliminate erroneous classification of 
many conditions as eczemas and at 
the same time hasten our acquisition 
of knowledge of all the real causes of 
eczema (dermatitis). 

DEFINITION. — Eczema (derma- 
titis) is a catarrhal inflammation of 
the skin, particularly of the epidermis, 
characterized objectively by redness, 
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papules, variously sized vesicles, weep- 
ing, crusting and scaling alone, or a 
combination of two or more of these 
lesions. It is attended by a varialde 
degree of thickening of the skin, the 
result of interstitial edema and cell 
infiltration. In its course it may be 
acute, subacute or chronic and is al- 
ways due to two factors, namely a pre- 
cipitating agent i)lus a special dis- 
position of the skin without which 
it will not develop. 

VARIETIES. — There are numer- 
ous objective varieties, mainly as a 
result of the frequent coexistence of 
two or more elementary lesions or of 
these lesions undergoing secondary 
change. T\\q primary or elementary 
varieties are erythematous, ])apidar 
and vesicular. As a rule, the second- 
ary tyt^es rapidly develop from the 
elementary lesions. These arc eczema 
ruhrum, c*czema scjuamosum, eczema im- 
})etiginosum or ])ustular eczema, eczema 
fissum, sclerosum and vcrrucosum. 
Nummular and infantile eczema are 
two special clinical types. 

SYMPTOMS.— The erythematous 
type of eczema is most frequently 
seen upon the face, although it may 
make its appearance ui)on any other 
region or may be more or less gen- 
eral. It begins as a single hypcremic 
area, or several areas may a])pcar 
simultaneously, usually upon one re- 
gion. It may never go beyond this 
stage. The areas may be small or 
large, irregularly outlined, ill-defined, 
with swelling and even edema {ery- 
sipeloid type). There is more or less 
itching and burning. The eruption, as 
a rule, rapidly becomes marked, the 
parts reddened, somewhat thickened, 
and here and there a little scaly. 
There may also be, here and there (as 
a result of rubbing and scratching, or 


spontaneously), a tendency to serous 
oozing. The afifected skin is harsh, 
dry, and reddish or violaceous in color. 
It often ])crsists in this form, and the 
skin may become considerably thick- 
ened and infiltrated. The swelling 
and edema which are often first pres- 
ent nia}^ subside, to a great extent at 
least, or these sym])toms may reap- 
])car from time to time whenever 
there is an acute exacerbation. The 
])arts may become (juite scaly, and 
constitute a mild or well-marked scaly 
eczema: eczema squamosum. Oc- 
casionally, as a result of constant ir- 
ritation, rubbing, and scratching, or 
from other causes, the ])arts become 
moist, markedly inflamed, with more 
or less crusting, constituting eczema 
rubruni. 

The I'upiilar ty])c of the disease, or 
eezemu papulosum, presents itself as 
one or more aggregations of closely 
set pa])ulcs, pinjxnnt to ])inhead, or 
slightly larger, in size. The disease 
may also show itself as more or less 
discrete papules, with here and there 
aggregations. In color the lesions 
are bright or dee]) red or violaceous, 
often with a few vesicles or pustules 
interspersed. Itching is usually in- 
tense. 

The extremities and the hands, 
especially about the joints, arc the 
favorite sites. The course of this 
type is essentially chronic, some le- 
sions disappearing and others appear- 
ing, and thus persisting for several 
months or indefinitely. In some in- 
stances, especially in some areas, the 
papules become so thickly crowded 
that a solid ])atch results, becoming 
more or less scaly — eczema squa- 
mosum. Or, at times, such a patch 
may develo]) into eczema ruhrum. 

The vesicular type of the disease 
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or eczema vesicalosiim, may show it- 
self on one or nu)re regions, and con- 
sists of aggregated or closely crowded 
pinpoint- to ])ea- sized vesicles, with 
here and there discrete lesions, and at 
times with pa])nles and ]mstnles in- 
terspersed. It is usually a markedly 
inflammatory ty]^e, with considerable 
edema and swelling. Solid sheets of 
eruption may f(jrm. The vesicles usu- 
ally rupture in the course of a few 
hours or diiys,, new outbreaks occur- 
ring, or a raw, weeping, more or less 
crusted surface resulting. The ooz- 
ing may be continuous or the process 
may decline, to remain quiescent or 
to break forth rapidly with repeated 
vesicular cr()])S. Considerable thick- 
ening may take place and with the 
oozing and crusting make up a pic- 
ture of the common clinical type: 
eczciha rubrum. The face and scalp 
of infants, the neck, flexor surfaces, 
and lingers are the more common 
sites for the vesicular type. Its 
course is usually chronic, with several 
acute exacerbations, or, as already 
described, it may i)ass sooner or later 
into the common clinical type: ec- 
zema rubrum. 

The squamous type of eczema, or 
eczema squamosum, is a clinical va- 
riety frequently met with, character- 
ized by redness, infiltration, and more 
or less scaliness, with, especially 
when about the joints, more or less 
Assuring. The itching is variable, 
sometimes intense, and at other times 
slight. This variety is usually a de- 
velopment from the erythematous or 
papular types, and, like other types 
of the disease, is persistent and 
chronic. . 

Eczema rubrum, the oozing type of 
eczema, or somewhat dry, raw-look- 
ing type of eczema, usually results 


from a pre-existing vesicular or pus- 
tular eczema. It is characterized by 
a deep red, weeping, oozing, raw-look- 
ing surface, with more or less infiltra- 
tion of the cutaneous tissues. In 
some cases there is a combination of 
weeping raw surface with crusted areas. 
In other cases the weeping nature of 
the disease is a conspicuous feature, 
crusting scarcely having time to 
form: eczema madidans. Its most fre- 
quent sites are the face and scalp 
of children and the legs of adults; in 
the latter, in those esjiecially advanc- 
ing in years. In these cases of ec- 
zema of the lower legs varicose veins 
are often present as a precursory and 
concomitant condition. It is essen- 
tially chronic, vshowing little, if any, 
disposition to disappear spontane- 
ously, although it may be somewhat 
variable. The degree of inflammation 
varies from time to time. 

Eczema impefiginosum is not com- 
mon. Its usual site is the scalp, esi)e- 
cially in infants. It is really a ])yo- 
gciiic complication of eczema. Most 
commonly it begins as a form of the 
vesicular variety in which the vesicles 
are very closely set. There may be a 
mixture of vesicles and pustules. 
The symptomatology is the same as 
eczema vesiculosum except that the 
lesions contain pus instead of serum. 
More or less crusting is, as a rule, a 
conspicuous feature. It is commonest 
in the ill-nourished, the strumous and 
the unhygienic. This type is essentially 
chronic. It must not be confused with 
a true bacterial dermatitis. 

The fissured type of eczema, or ec- 
zema fissum or eczema rimosum, is 
that type of eczema in which crack- 
ing or Assuring of the skin is the 
most conspicuous feature. It is com- 
mon about the joints, especially about 
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the fingers, and in most cases is a 
part of an apparently slight erythem- 
atous eczema. Fissuring may occur 
in any type of the disease, especially 
when about the joints; but in most 
cavses it is but slight in character. It 
is a persistent type of the disease, 
usually disappearing in part or more 
or less com])letely in warm weather. 
A somewhat analogous or allied va- 
riety of eczema is the so-called crack- 
led eczema. This is usually a mild, 
subacute, erythematous eczema, in- 
volving large regions or the entire 
surface, numerous superficial cracks 
through the up])er epiderm showing 
over the fissured surface. 

Eczema sclerosum and eczema ver- 
rucosum arc somewhat rare varieties 
of the disease. These tv])es are usu- 
ally seen about the ankles, lower leg, 
or feet. They commonly result from 
a pre-existing papular eczema. In 
many respects these tyi)es arc analo- 
gous in their sym])tomatology : there 
is considerable thickening and board- 
like hardness, with, as a rule, much 
infiltration, but with the infiamma- 
tory element slight or comparatively 
so. The surface is rough, hard, and 
somewhat horny to the feel, and in 
the verrucous variety there is added 
to these several symptoms a variable 
degree of papillary hypertrophy, the 
surface having a distinctly Avarty ap- 
pearance. Both ty])cs arc essentially 
chronic and rebellious to treatment, 
demanding the strongest applications. 

Eczema Nummularis. — This type of 
eczema is characterized by the pres- 
ence of irregularly rounded coin-sized 
lesions which are circumscribed by a 
well defined border beyond which the 
skin has a perfectly healthy appear- 
ance. Early, the lesion is simply an 
erythematous spot whose surface 


roughens while the patch itself thickens. 
Finally the roughened surface prtvsents 
fully developed vesicles which tend to 
ooze. Fully developed, the lesion is 
red, thick, oozing, covered with ves- 
icles in different stages of their de- 
velopment and crusts. The clearly 
defined border suggests a ringworm 
infection. The seats of i)re(lilection 
of this type are the wrists and backs 
of the hands. Tt is very rebellious 
and its disa])pearance is frecpientl}' 
followed by a ra])i(l recurrence, almost 
always on the same si)ots. 

Infantile Eczema. — The disease is 
common in infants and young chil- 
dren. Tt is unusual, com])aralivcly 
.s])eaking, in children i)ast the age of 
6. Even in those cases in which the 
disease begins in the first or second 
year and is ]KM'sistent, it tends to de- 
cline spontaneously toward the age 
of 5 or 6, or even earlier, or, at least, 
at this ])eriod it will usually respond 
rapidly to any mild or indil'ferent ap- 
plication. The disease ])resents no 
special characteristics in the young, 
excei)t that in the majority of such 
cases the inllammatory element is apt 
to be more marked. Tn by far the 
larger proportion of cases the face f)r 
the face and scalp is the seat of the 
disease; eczema of the reg-ioii of the 
genitalia and anal cleft is also not in- 
frequent. 

All cases of infantile eczema will 
usually do well under treatment, al- 
though a dis])osition in many cases is 
shown toward relai)sc till the age of 
4 to 6 is reached. * 

In eczema in infanfs and young 
children occurring about the legs and 
arms, usually as a vesicopapular or 
papular eruption, discrete and patchy, 
the disease is often obstinate, — much 
more so, as a rule, than in those cases 
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where the disease is limited to the 
face or face and scalp. The vesic- 
ular, vesicopajailar, and moist or 
crusted inflammatory types — eczema 
rubrum — seem most frequent in the 
young. 

Regional Eczema. — It is usual to de- 
scribe eczema as it appears ii]X)n dif- 
ferent regions, as, for instance, the 
hands, face, scrotum, legs, etc.; but 
the disease in reality differs little, 
certainly not materially, as it occurs 
upon different parts. The descrip- 
tion of the several types of the dis- 
ease as already given suffices. 

It is noted that the most common 
seats for eczema in those of the active 
age, between 21 and 50, is about the 
hands ; less frequently about the face 
or the scalp; the scrotum is not an 
uncommon site, and also the anal 
region. 

In those past the age of 50 the 
most common site is the lower leg, 
although eczema of the face is not 
infrequently met with. 

GENERAL SYMPTOMATOL- 
OGY. — The subjective symptoms in 
eczema are itching, burning, and a 
sensation of heat. These may be 
severally present, or, as is more com- 
monly the case, one is predominant. 
The degree varies, sometimes slight 
and at other times almost unbearable. 
As a rule, there are no constitutional 
symptoms, so-called, in eczema cases. 
In extensive general acute eczema 
there may be slight febrile action and 
sometimes slight chilliness at the out- 
break of the attack. The degree of 
inflammatory actions varies in the 
same case from time to time and in 
different cases. The disease may be 
acute both in type and in course, 
running to an end in several weeks 
or one or two months. As a rule. 


however, whatever the type of the in- 
flammatory process — acute, subacute, 
or chronic — the disease is persistent 
and long continued, with, in most 
cases, little, if any, tendency to dis- 
appear spontaneously. Seasons often 
have an influence, the disease usually 
being less active or partly or com- 
pletely disai)pearing in the summer 
weather. On the other hand, there 
are met with cases of the disease that 
are at their worst in summer time, 
and frequently disappear in the colder 
weather ; such instances are, how- 
ever, exceptional. 

ETIOLOGY. — Eczema is a cutane- 
ous reaction to many totally different 
causes all of which produce an ana- 
logous histological and clinical picture. 
In all instances this reaction is part 
of an inherent condition in the skin 
itself which we term predisposition. 
These causes are external in the 
larger number of instances and in- 
ternal in the remainder, but both re- 
quire a receptive skin. 

Among the internal or constitu- 
tional influences which are or seem 
to be of some importance as active or 
predisposing factors are gout, chronic 
‘Vheumatism,’’ gastrointestinal disorders 
of digestion or assimilation, dentition, 
loss of nervous tone, hypothyroidism 
and anaphylaxis. Anaphylaxis jflays 
a large part, apparently, in the ec- 
zemas of children and in those whose 
attacks of eczema alternate with as- 
thmatic attacks. The allergic skin 
tests for the determination of such 
sensitization are particularly indicated 
in such cases. 

Gougerot has shown that eczema is 
the expression of a defensive reac- 
tion to some poison from within or 
without, the object of the edema be- 
ing to dilute the toxic substances. 
Treatment should aim to reduce the 
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toxins, facilitate their elimination, 
compensate for deficient internal se- 
cretions by organotherapy, and in 
rebellious cases try to wash the blood 
free of toxins by venesection and 
saline infusion. Sabclla (PoHclinico, 
June 8, 1915). 

The writer reports the case of a 
boy who, though apparently in good 
health, developed, when 4 years old, 
a more or less general eczematous 
eruption, in places dry and scaly, in 
others moist or weeping, accompan- 
ied by severe itching, which was 
worse at night. This eruption con- 
tinued unabated notwithstanding much 
treatment, both local and dietetic, at 
the hands of pediatrists and dermato- 
logists. Hypothyroidism was wholly 
responsible for the eczema, as shown 
by the remarkably prompt improve- 
ment following the administration of 
thyroid extract and the equally prompt 
relapse following its suspension. Edel- 
man (N. Y. Med. Jour., Mar. 9, 1918). 

Investigation to ascertain the role 
played by organisms in the causation 
o^ eczema. The method employed was 
to utilize the sensitization reaction of 
the skin following the intradcrmal in- 
jection of autogenous and heterogen- 
ous vaccine. The writer concludes 
that as the pyogenic organisms which 
are present in the lesions of eczema do 
not give rise to skin sensitization 
phenomena they are not the chief 
etiological factor in the causation of 
this disease. F. Walter (Derm. Woch., 
July, 1925). 

The primary factor in chronic sym- 
metrical eczema is usually some upset 
in the balance of the vegetative sys- 
tem. Two cases are described in de- 
tail to demonstrate that restoration of 
the vegetative balance should precede 
local measures, and may cure without 
them, merely by correction of auto- 
intoxication, abuse of alcohol or tobacco 
or treatment of congenital syphilis. 
Castex and Camauer (Prensa Medica 
Argentina, Oct. 10, 1925). 
Immoderate habits in the use of 
certain foods, drinks, and drugs also 
indirectly or directly have an influ- 


ence, such as alcoholic drinks, nar- 
cotics, and excess of tea or coffee. 

Overwork, especially of a mental 
character, in those of hereditary ec- 
zematous tendency will often be 
provocative of an attack. That the 
hereditary disposition to the disease 
exists in many families is certain. 

Among the external exciting fac- 
tors may he mentioned cold and heat, 
especially the former; sharp, biting 
winds, and too lil^eral use of certain 
soaps; the handling of dyestuffs, 
chemical irritants, and the like ; vac- 
cination, and exposure to certain 
plants. Having the hands frequently 
in water, as with washerwomen, the 
handling of sugar and flour, and re- 
peated antiseptic cleansing of the 
hands often bring about the various 
conditions of eczema of these parts 
known res])ectively under the names 
of wash cruH mien's itchy bakers' itch, 
grocers' itch, and surgeon s eczema. 

There are 74 varieties of eczema as- 
sociated with a corresponding num- 
ber of callings. There is a “cement 
itch,“ a “bakers’ itch,” a “washer- 
women’s itch.” Wool and cotton 
spinners have theirs, set up by irri- 
tating oiks, which also cause eruptions 
in other occupations. The great 
majority of the lesions are naturally 
due to irritating chemicals of the most 
varied description in connection with 
the industrial arts. No less than 12 
varieties of exotic wood are able to ^ 
cause lesions in cabinet makers, turn- 
ers, etc. Herxheimer (Deut. med. 
Woch., Jan. 4, 1912). 

A special constitutional state is nec- 
essary for eczema for the following 
reasons: A combination of high but- 
ter fat, high sugar, orange juice and 
beef juice will produce an eczema in 
many children who never show the 
condition when normally fed. Ec- 
zema may be produced by many foods 
of widely varying types. Not every 
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child, however, will react to all of 
these foods. The one may respond 
to heef juice but will not tolerate 
milk; another will react to cane sugar 
but show no response to orange juice. 
The so-called exudative diathesis may 
be produced at will by the adminis- 
tratiim of certain food substances in 
a great majority of children. Kcrlcy 
(N, Y. State jour. Med., Nov., 1916). 

A quarter of about 1200 persons who 
were eczematous had a healthy part 
of the skin brought into contact with 
certain substances for 24 hours. These 
were; fonnol, turpentine, quinine, sub- 
limate, iodoform, tincture of arnica, 
leucoplast, and the leaves of the Pri- 
mula ohconica. B. Bloch (Zeit. f. klin. 
Med., xeix, p. 1, 1924). 

The disease does not possess con- 
tagious ])ro])erties, and in a disease so 
frequent as this, if such existed, they 
would have ))een clearly denirmstrated. 

In some cases of markedly intlam- 
matory eczema, csi)ecially when of 
the ])ustular type, swelling* of the 
neighboring lymphatic ghuuN' is 
noticed, but this rarely leads to sup- 
jmrative change, the swelling and 
pain disaj)pcaring as soon as the in- 
dammatory symptoms have abated. 
Jn some cases of eczema a condition 
of furunculosis is occasionally ob- 
served. 

Ca.se of chronic eczema of the cruro- 
genital region followed by fatal gan- 
grene. Small superficial ulcers the size 
of a lentil developed over the sacrum 
and the temperature began to rise 
in the evenings to 101° or 102° F. (38.3° 
or v38.9° C.). Three days later the ab- 
domen and thighs presented a remark- 
able appearance. The whole of the raw 
surface, which was now of a deep-red 
color, was picked out by clean-cut cir- 
cular ulcerations the size of a lentil, 
which looked as though they had been 
deeply punched out of the skin. Each 
little ulcer was filled with yellowdsh 
pus and the whole surface was studded 
with these necrotic foci. In a day or 


two adjoining ulcers began to coalesce, 
forming little troughs in the skin, 
while later on their bases dried up into 
blackish scabs, some of which toward 
the end were thrown off and replaced 
by granulation tissue. The general 
condition of the patient became very 
grave when the ulceration appeared, a 
typical sei)ticemic temperature de- 
veloped, and the pulse ran more and 
more rapidly and became feebler by 
degrees. The Bacillus pyocyancus was 
found microscopically in enormous 
numbers in the exudation, and was 
recovered by cultures from the exuda- 
tion, spleen, liver, and blood of the 
heart. C. H. Lancashire (Brit. Jour, 
of Deriiiat., July, 1910). 

Case of hemorrhagic nephritis fol- 
lowing impetiginous eczema in a girl, 
10 years of age. Recovery took place 
in a short time, llalburstadt (Monat.s. 
f. Kinderheilk., Bd. x, Nu. 10, 1912). 

PATHOLOGICAL ANATOMY. 

— bxzema is essentially a catarrhal 
innammalion of the skin, and is 
seated chiefly in the rete and ])a])il- 
lary layer; in long-continiied and se- 
.vere cases the lower ])art of the 
toriuni and even the subcutaneous 
tissue may be more or less involved, 
but never destructively. Hy])ercmia 
and exudation are to be found in all 
ca.ses, either as punctate, localized, or 
more or less diffused conditions. The 
vascular changes are the same as those 
observed in all inflammations. 

DIAGNOSIS. — There is no one 
lesion that particularly characterizes 
eczema. It is upon the appearance of 
the eruption as a whole that the clin- 
ical and not infrequently the etio- 
logical diagnosis is based. Eczema 
is to be distinguished chiefly from 
erysipelas, psoriasis, seborrhea, syco- 
sis, scabies, and ringworm. 

Erysipelas. — Markedly acute ec- 
zema about the face sometimes pre- 
sents early in the course of the attack 
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a resemblance to erysipelas, but in 
the latter disease the border is shar])ly 
defined and elevated; it usually starts 
from one point and spreads rapidly, 
and is accom])anied by systemic 
symptoms of more or less violence. 

Psoriasis as commonly met with is 
not difficult to differentiate. The nu- 
merous, variously sized, shar])ly de- 
fined scaly ])atches, of general distri- 
bution, of psoriasis make this disease 
sufficiently characteristic. The face 
and hands are rarely involved, or only 
to a slight extent, at least, in psoria- 
sis, while these regions are favorite 
sites fijr eczema. The jxsoriasic eni])- 
tion often is seen most markedly on 
the extensors of the arms and legs, 
es])ecially about the elbows and 
knees; eczema is more common in 
the flexures. Iksoriasis is usually 
markedly scaly, eczema rarely so. In 
occasional instances, psoriasis is lim- 
ited to the seal]), appearing here as 
several or numerous, variously sized, 
scaly areas, resembling scjuamous ec- 
zema of this part. The same differ- 
ential characters can be here recog- 
nized, if the case is studied, as when 
seated tipon other parts. Moreover, 
a careful examination will usually 
disclose the presence of several small 
or moderately sized characteristic 
])Soriasic patches on the liml)S, espe- 
cially about the elbows and knees. 
Eczema of the scaly t3'])e is usually 
seated upon one region, is rarely gen- 
eralized in its distribution, and the 
area or areas are rarely shari)ly de- 
fined. Itching is the rule in eczema 
and is often absent or slight in psoria- 
sis. In many cases of chronic scaly 
eczema there is often a history of 
gummy oozing, but t^ot in psoriasis. 

The eruption produced as a result 
of the parasitic diseases, scabies and 


pediculosis, is essentially eczematous 
in many of its characters, but is usu- 
ally" multiform, consisting of ])apules 
and pustules, the latter often being- 
large in size. The distribution of the 
eruption in these ])arasitic diseases 
will often be sufficiently characteris- 
tic, and sns])icion may be confirmed 
Iw the finding of the pediculus in 
]>ediculosis or by the burrow in sca- 
bies. 

Seborrhea at times bears a close 
resemblance to a mild eczema, more 
especially as it occurs on the scalp. 
The seborrheic disease is, however, 
rarely innammatory, except acciden- 
tally so; the scales are greasy, and 
there is no infiltration or thickening. 

Sycosis. — ICczema of the bearded 
face inay be mistaken for .sycosis, 
])ut thi< latter disease is essentially 
one of the hair-follicles — folliculitis 
barb.'e™ limited to the hairy region 
of the face, and is rarely itchy. Ec- 
zema, on the other hand, is seldom 
limited to this region, but extends on 
to the non-hairy ])arts of the face, is 
not follicular, and is very itchy. 

Ringworm can scarcely be confused 
with eczema, as eczema is seldom 
sharply defined, rarely ring-shaped, 
but is diffused, with no tendency to 
clear up in the center. In cases of a 
doubtful character microscopic ex- 
amination of the .scales will be sure 
to differentiate. 

Among other diseases that should 
not be confounded may be mentioned 
rosacea, erythema, urticaria, herpes 
zoster, lichen planus, lichen ruber, and 
impetigo contagiosa. 

PROGNOSIS. — The course of ec- 
zema in general is extremely variable. 
Under ])roper treatment most eczemas 
yield readily. Untreated and poorly 
treated eczemas will persist for years 
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in the first case and in the latter will 
be prolonged indefinitely and become 
more extensive. Eczemas, the cause 
of which cannot be discovered, as well 
as eczemas the result of known causes 
but with the patient persisting in ex* 
posing himself to these, naturally 
tend to persist, and if they clear up, 
tend to recur. Irrespective of the 
duration of the eruption, eczema may 
be said to be benign, in the sense that 
it never leaves a scar per sc. 

During the course of treatment the 
disease may show slight relapses, but 
each succeeding one is usually noted to 
be of a milder and less obstinate char- 
acter, Several factors should influence 
the prognosis: the extent involved, 
the duration, previous variability, the 
nature of the exciting and predispos- 
ing causes, and whether these can be 
readily managed, and, finally, and of 
great importance, the care and atten- 
tion the patient gives to the carrying 
out of the treatment advised. 

The mystery of the sudden deaths 
of children with eczema of the scalp 
and face is discussed by the writer. 
In one such case the autopsy revealed 
an unsuspected streptococcic focus in 
one lung, the action, at a distance, of 
these germs having induced slight en- 
docarditis and pleural effusion. In 
another case, an infant with eczema 
exhibited attacks of heart weakness, 
possibly from a similar action of the 
germs on the heart muscle. Another 
child of eleven months was in his care 
for recurring eczema of the scalp and 
face. The child was brought to him, 
after two months’ absence, on ac- 
count of a new patch on the cheek, 
and he was impressed with the dull 
look in the eyes, but nothing abnor- 
mal could be detected in the lungs 
or heart. The cervical glands were 
swollen. A salve of ichthyol and zinc 
oxide was ordered. The child seemed 
unusually quiet, and was found dead 
the second morning. Staphylococci 


were discovered in the cutaneous 
lesions and in the internal organs. 
In such instances, infection with the 
staphylococcus alone did not cause, by 
any means, such severe symptoms as 
when the staphylococcus infection 
was supplemented by a cutaneous 
lesion, such as a croton-oil blister. 
The heart seemed to suffer particu- 
larly in these case.s. The researches 
reported emphasize the importance of 
careful oversight of the heart action 
in cases of extensive eczema. Pos- 
sibly the blood-pressure might afford 
useful information. Karrer (Jahrb. 
fur Kinderheilk., Bd. Ixii, Nu. 6, 1905). 

TREATMENT. — The treatment of 
eczema is both external and internal, de- 
pending on the etiological factors with 
w^hich it is concerned, although topical 
applications are rarely dispensed with. 
In many instances, external treat- 
ment alone suffices, either because in 
the one case the constitutional and in 
the other the external cause has al- 
ready been removed. In the anaphy- 
lactic types, avoidance of the harmful 
substance and, if this is impossible, de- 
sensitization injections are indicated. 
There are no drugs which may be 
given orally and considered specifics 
for eczema. There are certain general 
or hygienic measures which should re- 
ceive attention, particularly if the in- 
flammation is in any degree extensive. 

Among the many distressing condi- 
tions secondary to fecal stasis and 
angulation of the sigmoid is chronic, 
weeping eczema. From an experi- 
ence of 8 cases of this obstinate skin 
lesion the writer finds that it can be 
cured promptly by treatment directed 
to the relief of the intestinal disturb- 
ance. This treatment consists in the 
use of daily enemas, mild laxatives, 
and a regulated diet. Through the 
sigmoidoscope the sigmoid should be 
inflated and elevated, and any ulcera- 
tions of its mucosa treated by direct 
applications. Under such treatment 
the “weeping” will stop within 2 days 
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and the eczema will be completely 
cured in two wrecks. All local treat- 
ment of the eczema should he stopped 
except hot water fomentations where 
there is skin infection. W. II. Axtcll 
(Northwest Med., Oct., 1910). 

The diet should be plain, but nutri- 
tious, all fancy dishes bein^ avoided 
as much as possible. Tt is frequently 
advisable in ^generalized innanimations 
to thoroughly cleanse the gastrointes- 
tinal tract and keep the patient on a 
milk and rice diet for from one to 
several days. 

The writer found diet of rice, bread, 
butter, and water effective in acute 
freiieralized eczema. Bulkley (Med. 
Record, Jan. 28, 1011). 

The writers found the blood uric 
acid above the maximum normal fiK- 
ure in 44 per cent, of a large scries 
of eczema patients, and by means of a 
diet calculated to oppose this condition 
cured a number of previously refrac- 
tory cases. Schamberg and IT. Brown 
(Arch, of Derm, and Syph., Dec., 
1923). 

Pork and salted meats, veal, pas- 
tries, strt)ng acids or acid fruits, 
gravies, cheese, sauces, condiments, 
etc., and the excessive drinking of 
tea or coflfee arc to be eschewed. 
Beer, wine, and spirits are also to be 
avoided. 

Outdoor life is to be commended 
in suitable weather, and exercise, es- 
pecially systematic in character, is of 
great value 

Arsenic seems at times of special 
value in chronic, sluggish, papular 
and erythematosquamous tyj)e.s. Each 
case must be carefully studied, and 
the predisposing factor or factors, if 
possible, discovered, and the treat- 
ment suitable instituted. When the 
itching is so intense as to prevent 
sleep, recourse may be had to the 
bromides, phenacetin, chloral, sul- 


phonal, trional, and the like ; opiates 
are apt to cause aggravation, but at 
times are indicated. 

The writer confirms Lebedew, who 
descril)e(l favorable results in the treat- 
ment of eczema and other skin dis- 
eases by intravenous injection of 10 
per cent, sodium bromide solution. C. 
Wolff (Derm. Wocheii., Jan., 1925). 

The writers used Lebedew’s method 
in eczema. Some patients recovered 
after 3 injections of 10 c.c. (2P> drams) 
of a 10 per cent, sodium bromide solu- 
tion; others required more, up to IS. 
No untoward effects were observed, 
llubschmann (Casopis lekaruv ceskych, 
Feb. 14, 1925). 

Among the tonics that are often of 
value may be mentioned codliver oil, 
hypophosphites, quinine, nux vomica, 
the vegetable bitters, iron, arsenic, 
and manganese. Arsenic should never 
be given in the acute type, or in any 
case in which the disease is of the 
sj)reading or active character. Among 
alkalies, especially useful in gouty 
and rheumatic cases, may be men- 
tioned sodium salicylate, potassium 
bicarbonate, sodium bicarbonate, and 
the lithium salts. 

Among alteratives that occasion- 
ally arc resorted to may be mentioned 
calomel, colchicum, arsenic, and po- 
tassium iodide. In some cases rather 
free action of the kidneys is desirable, 
and recourse may usually be had to 
potassium acetate, potassium citrate, 
and, in exceptional cases of more or 
less general eczema, the oil of co- 
paiba. Laxatives form a very im- 
portant class in the treatment of this 
disease, as indigestion with more or 
less active constipation is often a 
striking symptom. The various sa- 
lines and aperient mineral waters, 
castor oil, cascara sagrada, rhubarb, 
aloe, and other vegetable cathartics 
arc useful. 
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EXTERNAL TREATMENT.— In 

many instances an eczema will re- 
main localized and in vSome instances 
even disappear s])()ntanec)usly if the 
patient has sufficient control over 
himself not to scratch or rub it. All 
eczemas are prolon^q;ed hy such manipu- 
lations. In commencing- the treat- 
ment, the mildest remedies are at 
first advisable in order gradually to 
determine the tolerance of the pa- 
tient’s skin to the remedies being 
used. Acutely inflamed surfaces 
are best relieved by sprays or lotions 
or frequently changed wet compresses, 
as of boric acid solution. They are 
almost invariably made worse by the 
application of ointments. Before the 
application of active remedies, all crusts 
should be removed. 

When advising a person with irritable 
eczema of the hands as to cleansing, 
the writer tells him to avoid soap 
altogether and to get oil of sweet 
almonds or olive oil, preferably in a 
shaker of the kind used by barbers to 
sprinkle liquids on the hair, and, in 
a separate container, the yolk of an 
egg. A liberal (juantity of the oil is 
to be poured into the palm and thor- 
oughly but gently smoothed and 
worked into the skin of the hands; 
this done, a small portion of the yolk 
(the yolk of one egg will serve for 
from 20 to 30 cleansings) is added, and 
the 2 briskly worked into an emulsion. 
A few drops of water aid at this 
stage, producing a thin, creamy white 
to dark suspension. The parts, rinsed 
now with cool water, are left soft and 
clean, without visible oiliness when 
dried. Glaze (Arch, of Derm, and 
Syph., May, 1924). 

In the acute and in many subacute 
cases cleansing agents should be em- 
ployed as infrequently as circum- 
stances will permit. 

When acute, weeping, erythematous 
eczema occurs on the face there is 
Usually much edema in the infraorbital 


region, and the condition may at first be 
mistaken for erysipelas. Greasy appli- 
cations are best avoided, and simple wet 
dressings with folds of butter muslin 
soaked in normal saline solution, the 
patient being preferably confined to his 
room, arc most acceptable. The follow- 
ing calamine lotion, applied on lint, 
will relieve the irritation and smarting: — 

B Zinci carh. (impuri) 3ij (8 Gm.). 

Zinci oxidi 3j (4 Gm.). 

Glyccrini 3ss (2 Gm.). 

JAquoris calcis, q. s. 

ad (180 Gm.). 

M. ft. lotio. 

Upon the extremities, lead lotion is 
often best; it may be combined with 
the calamine lotion in equal parts. 

When the exudation has practically 
ceased, powders or ointments may be 
applied. Of the former the oleopalmi- 
tate of zinc [or Zinci oleostcaras, N. F. 
Ill] is useful. This may be mixed with 
one-half its weight of powdered starch. 
The folk)wing zinc cream is also a good 
application in these cases: — 

B Zinci oxidi (30 Gm.). 

Adipis lance 3ij (8 (im.). 

Old olivcc, 

Liquoris calcis, ana 

partes jequales, ad Jiv (120 Gm.). 
Misce. G. Norman Meachen (Pract., 
May, 1912). 

A f) per cent, calcium chloride oint- 
ment is often effective after failure of 
all other measures, causing many of 
the crusts to drop off in 24 or 48 
hours and the skin soon to resume its 
normal appearance. Lampronti (Rif. 
nied., Fel). 26, 1923). 

The writer found animal charcoal 
effective in a case of abdominal eczema 
due to a fistula of the small intestine. 
Grueter (Zent. f. Chir., June 16, 1923). 

In eczema of the face washing with 
a solution of 12 minims (1 Gm.) of 
lactic acid and V/z grains (0.1 Gm.) of 
salicylic acid in 3% ounces (100 c.c.) of 
w'ater is recommended. Philippson 
(Deut. med. Woch., Mar. 27, 1925). 

The so-called interdigital eczema is 
in reality a mycosis, as Kaufmann 
found. Sabouraud showed that a 
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large proportion of these eczemas are 
parasitic affections. He advises drying 
the skin between the toes and wash- 
ing only with diluted alcohol. Pinkiis 
(Med. Klinik, Sept. 25, 1925). 

A remedial application should always 
be made immediately after washing 
has been employed. In cases of a 
chronic, scaly, markedly sluggish char- 
acter, the use of soap and water is re- 
sorted to frequently and has often a 
therapeutic value; indeed, in some 
such cases green soap — sapo mollis, 
U. S. P., may be occasionally or fre- 
quently used with advantage. 

Applications are to be made in ec- 
zema two or more times daily, and 
when possible the continuous appli- 
cation is to be advised. 

In the selection of external reme- 
dies for a i)articular case common 
sense must be employed. In those 
cases in which the type of disease is 
acute or subacute mild remedies are 
to be used. In the milder erythem- 
atous variety dusting powders of 
zinc oxide, talc, starch, and kaolin 
are soothing and beneficial ; they may 
be used alone or immediately follow- 
ing the application of one of the 
washes given below. The conjoint 
use of black wash or boric acid lotion 
with oxide of zinc ointment or any 
mild ointment may give beneficial re- 
sults. Or the simple oxide of zinc 
ointment with 20 to 30 grains (1.3 to 
2 Gm.) of boric acid or 3 to 5 grains 
(0.2 to 0.3 Gm.) of carbolic acid to the 
ounce (30 Gm.) may be used. A com- 
pound lotion of calamine and zinc 
oxide, like the following: — 


Calaminct, 

Zinci oxidi aa (6 Gm.). 

Glyccrim tt].x (0.6 c.c.). 

Phenolis gr. XX (1.3 Gm.). 

Aqu(S 5vj (180ni,.). 

M. 


is valuable, and may be daubed on 
the surface rei)eate(lly or by means 
of linen or lint kept wet with it and 
closely a]>])lied to the diseased sur- 
faces, or a boric acid lotion with 1 or 
2 drams (4 or 8 Cun.) of carbolic acid 
to the pint (500 c.c.) will be found 
beneficial, and especially applicable if 
the diseased surface is large; or, boric 
acid (15 grains — 1 (iin. — to the ounce 
— 30 c.c.) may be added to the above 
calamine and zinc lotion. A so-called 
salicylic acid paste, with or without 5 
to 10 grains (0.3 to ().(> Con.) of car- 
bolic acid to the ounce (30 Gm.), is 
often of great advantage: — 

B Jcidi salicylici gr. x (0.6 Gm.). 

Amvii, 

Zinci ovidi aa (S(ini.). 

Pcirolali 3iv (16 Gin.). 

M. 

Pastes such as this arc, however, 
not advisable on oozy surfaces. A 
compound calamine ointment may be 
used in some cases with great ad- 
vantage : — 

1^ Calamincc .5j (4 Gin.). 

Ani\li ( 2 ( im. ). 

Acidi suin' vh( i gr. x (0.6 (im.). 

Uuif. zinct oxtdi. (|.s. ad (30 (im.). 

M. 

Diachylon ointment, if a well-made 
one is procurable, is often .serviceable. 

Washed crude coal tar is an exceb 
lent remedy in all forms of eczema, 
alone or in the following formula: — 

B Tar, crude {perfected) , 

Zinci oxidi a.l 5j (4 (im. ). 

Mix thoroughly and add 

J^aselince 5j (30 Gm. ). 

(White). 

In some cases of eczema in which 
the grade of inflammatory action is 
subacute, stronger applications may 
be resorted to, although even in this 
class of cases it is advi.sablc to begin 
the treatment with the milder appli- 
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cations already named. These latter 
may finally, if necessary, be made 
stronger and more stimulating by the 
addition of white precipitate, red pre- 
cipitate, calomel, resorcin, or tar. Of 
the mercurials, 5 to 30 grains (0.3 to 
2 Gm.) to the ounce (30 Gm.) is the 
usual proportion called for; of resor- 
cin, 5 to 20 grains (0.3 to 1.3 Gm.), and 
of tar, 3^ to 2 drams (2 to 8 Gm.) of 
the tar ointment to the ounce (30 
Gm.) of mild ointment. Oil of cade 
may also be used, yi to 2 drams (2 to 
8 c.c.) to the ounce (30 Gm.) of oint- 
ment. A tarry ointment such as the 
following may also prove useful in 
these cases: — 

B Liquoris carhonis de- 

iergcntis 3ss-ij (2-8 Gm.). 

Cerat, . .q.s. ad 5j (30 Gm.). 

[Liquor carbonis detergens is made by 
mixing together 9 ounces (270 c.c.) of tinc- 
ture of soap-bark and 4 ounces (120 Gm.) 
of coal tar, allowing it to digest for eight 
days and then filtering. Henry W. Stel- 

WAGON.] 

For chronic, dry or weeping eczema 
the Strausz ointment is highly com- 
mended by the writer. It consists of 
dehydrated wool fat, 80 parts; white 
vaselin, 4; zinc oxide, 10; balsam of 
Peru, 5; a little menthol, and gaseous 
oxygen incorporated by a special pro- 
cedure in the ratio of 7 to 8 liters of 
the gas per pound of ointment. The 
oxygen is supposed to stimulate 
'‘secondary cutaneous breathing” and 
promote cure, which is usually rapid. 
A. Voigt (Berlin, klin. Woch., July 18, 
1921). 

In vesicular, serous and acute cases 
the writers recommend a solution of 
ferrous sulphate, 10 Gm. (2J4 drams); 
distilled water, 100 c.c. (3% ounces), 
and sulphuric acid, 2 drops. When 
this has been applied and has dried on, 
a solution made by boiling 100 Gm. of 
nutgalls in 200 c.c. (6% ounces) of 
water is applied. In the preparation 
of the second solution, the liquid is 
boiled down to one-half its original 


volume and a little salicylic acid added 
to prevent mold. This treatment, 
which results in an ink-like combina- 
tion locally, immediately dries up the 
vesicles, which do not continue to 
secrete as after silver nitrate. Veyrieres 
and Ferreyrollcs (Bull, med., Jan. 28, 
1922). 

A flavine-starch poultice is advocated 
for acute eczema or dermatitis. In 
preparing it, 4 tablespoonfuls of rice 
starch are mixed with 10 grains (0.6 
Gm.) of acriflavine and a little cold 
water, and 1 pint (500 c.c.) of boiling 
water then added, with constant stir- 
ring, until thickening occurs. When 
nearly cold the mixture is poured on 
dressing cloth to form a layer inch 
thick, and when quite set, is covered 
with a single layer of gauze or butter 
muslin and applied. It is changed 3 
or 4 times a day, the part being 
bathed at each change in a 1 : 1000 
solution of acriflavine in 0.185 per 
cent, sodium chloride solution. J. F. 
Smith (Brit. Jour, of Derm, and Syph., 
May, 1922). 

Crude coal tar, recommended by 
Brocq in 1908, was found very cfTective 
by the writer in both infantile eczema 
and that of adults. His formula calls 
for crude coal tar and zinc oxide, of 
each 1 part, and vaselin, 16 parts. The 
tar and zinc are combined slowly and 
very thoroughly before admixture with 
the vaselin. The ointment is applied 
twice daily; each time, the remains 
of the previous application must be 
wiped away thoroughly with sterile 
gauze soaked in olive oil. No band- 
age, soap or water is used. The areas 
treated must be kept out of the sun 
and must not be too large, because of 
the possibility of toxic absorption. 
The drug should not be used where 
there is actual pus or vesiculation. C. 
J. White (Ther. and Diet. Age, Feb., 
1925). 

Aristol, S to 20 or more grains (0.3 
to 1.3 Gm.) to the ounce (30 Gm.) of 
ointment base, may also be com- 
mended. In some instances pre- 
liminary paintings for several days 
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with a saturated solution of picric 
acid have proved of advantage, the 
observer waiting for the films or scale 
thus formed to come up, next apply- 
ing a mild ointment for a few days, 
and then resuming the picric acid 
painting; it should not be applied to 
a large surface. 

In some instances applications of 
dressings of a more or less fixed char- 
acter are of advantage, such as the 
.gelatin dressing, tragacanth dressing, 
and acacia dressing. 

Gelatin Dressing: — 

B Gelatin 15 to 25 parts. 

Zinc oxide 10 to 15 parts. 

G I veer in 15 to 25 parts. 

Water 50 parts. 

To this may be added 2 parts of 

ichthyol. 

This is heated over a water bath 
each time it is to be employed, a good 
coating painted on with a brush, and 
when partly dry — in one to five min- 
utes — the parts wrapped with a gauze 
bandage. The whole dressing be- 
comes dry and fixed, and may remain 
on from two to six days, and then 
soaked off, cleansed, and a new dress- 
ing reapplied. In some cases the 
larger cpiantity of gelatin and smaller 
quantity of glycerin may preferably 
be incorporated, and then the gelatin 
coating will dry more quickly and 
will form a sufficient dressing without 
the gauze bandage, although this lat- 
ter seems to be of real advantage in 
keeping the gelatin from becoming 
soiled and from being rubbed off. If 
the gauze is not used a small quantity 
of a dusting powder may be applied 
over the gelatin. 

The above is especially applicable 
in the treatment o^ eczema of the 
lower legs. Other drugs may be 
added, but certain medicaments exer- 


cise an inhibitory influence on the 
setting of the gelatin, and if added 
should always be used with a dress- 
ing more rich in gelatin and with less 
glycerin and less water; such reme- 
dies are resorcin, salicylic acid, and 
carbolic acid. White precipitate, sul- 
phur, and acetanilide may also be in- 
corporated in such dressings. 

Tragacanth Dressing. — Pick's trag- 
acanth dressing — linimelitum exsic- 
cans — is also a useful fixed dressing 
in the cooler weather. It consists of 


B Tragacanth 5 parts. 

Glycerin 2 parts. 

Boiling water 95 parts. 


To this can be added 2 per cent, of 
boric acid or 2 per cent, of carbolic 
acid, and 5 to 10 per cent, of zinc 
oxide or calamine, or equal parts of 
both. 

This is smeared in a thin coating 
over the diseased area and allowed to 
dry on, which u.sually requires several 
minutes. The parts can then be 
bandaged or be sprinkled with some 
indifferent dusting ])owder. It is a 
more simple dressing than the gelatin 
application, requires no preparation, 
but is, upon the whole, less u.seful. 
Other medicaments may be added in 
addition to those already named. 

The best treatment for eczema labio- 
rum or chapped lips is to apply nightly 
camphor ice. In treating chronic 
eczema of the hand, if the patient is 
not able to stop his occupation, rubber 
gloves may be worn. 

For eczema of the lids or nails the 
writer prescribes: — 

B Acidt salicylici . gr. vij (0.45 Gm.). 

Hydrargyri oxid. 


flav gr* ij (0.13 Gm.). 

Petrolati ad 3j (30 Gm.). 


M. et ft. ung. Sig. : Apply to part 
after washing off cru.sts with olive oil. 

In eczema of the legs, where we have 
a retarded circulation, varicose veins, the 
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patient should elevate the legs if prac- 
ticable or wear a bandage well applied. 
Applications of silver nitrate and dust- 
ing powder are useful; in stubborn 
cases oil of cade is indicated. S. Mos- 
kowitz (N. Y. Med. Jour., Feb. 13, 
1909). 

Acacia Dressing. — This constitutes 
another fixed dressing that is readily 
aj)])lied and which may be u.scd on 
dry parts. A good formula is the 


following: — 

B MucUage of acacia 5 or 6 parts. 

(ilyccrin 1 part. 


Zinc oxide or calamine, 
or a mixture of both 2 parts. 

Carbolic acid or any other drug 
may also be added if desired. 

This is painted on with a brush or 
smeared over in a thin layer with the 
finger; it dries in a few minutes. If 
at all sticky, or for further prevention 
against this, a dry powder of zinc 
oxide or talcum can be applied over 
it. 

The writer recommends the applica- 
tion of the following ointment in cases 
of eczema of the face in children; — 

B Salicylic acid, 

Precipitated sul- 
phur. 

Pulverized cam- 


phor aa gr. XV (1 Gm.). 

Oil of cade 5iiss (10 (jm.). 

Zinc oxide 3v (20 Gni. ). 

Petrolatum 5j (^0 Gm.). 


M. et ft. unguentum. Rostaine (Re- 
vue des hopitaux, No. 5, 1910). 

In eczema of a chronic sluggish 
type strong applications must u.sually 
be made before a result is brought 
about. The different remedies and 
combinations referred to in speaking 
of the treatment of the subacute type 
may be first tried ; later, when neces- 
sary, treatment may assume a bolder 
character, various remedies being 
used in stronger proportion. Of value 


in many of these cases may be men- 
tioned : Ointments of calomel, 40 to 
80 grains (2.6 to 5.3 Gm.) to the 
ounce (30 Gm.) ; white precipitate of 
about the same strength ; salicylic acid 
ointment, 20 to 60 grains (1.3 to 4 
Gm.) to the ounce; resorcin, about 
the same j)roportion ; sulphur, 10 to 
60 grains (0.6 to 4 Gm.) to the ounce 
(UvSed at fir.st with caution) ; tar oint- 
ment, either in official strength or 
somewhat weakened, or the liquor 
carbonis detergens, with simple cerate 
or as a wash, pure or diluted. 

In the seborrheic eczema of infants, 
improvement and cure usually follow 
the change from pure milk diet to 
mixed diet at the end of the first year. 

The cure of eczema in infant.s de- 
pends upon changes in their diet. 
Reduction of milk is the principal 
point of managing these cases, and 
carbohydrate food must be given to 
make up the deficiency in the foodstuffs. 
After the fourth month this is very 
easy, as the child can be fed on vari- 
ous cereal preparations and also given 
fruit-juice. In later months the al- 
bumin of eggs must be avoided, as it 
is as badly borne as the milk proteins. 
Whey mixtures may be used in cases 
where the child is too young to take 
any food other than some form of milk. 
The whey may be modified with sugar 
and cereal gruel — a diet with which 
Finkelstein has had great success. Freer 
(Miinch. med. Woch., Jan. 19, 1908). 

An ointment of 20 to 40 grains (1.3 
to 2.6 Gm.) of pyrogallic acid to the 
ounce may be cautiously tried in slug- 
gish, thickened, obstinate cases of 
limited area. The same may be said 
with regard to chrysarobin; but this 
latter should not be used about the 
face. The various fixed dressings re- 
ferred to in the treatment of the sub- 
acute variety will also be of value in 
the chronic type. Collodion may 
also be used as a basis for fixed dress- 
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ing in localized areas of disease. The 
stronger salve- and plaster-mulls and 
the medicated rubber plaster, the lat- 
ter especially in the sclerous and ver- 
rucous forms, arc also of distinct ad- 
vantage in these cases; in sluggish, 
thickened areas repeated shampooing 
with green soap and hot water, rins- 
ing off, and immediately ff >11 owed by 
a mild ointment a])])lied as a ])laster, 
acts admiral )ly in some instances. 
Painting such areas with a solution 
of caustic potash, 1 to 5 ])cr cent, 
strength, allowing it to act for a few 
minutes, then rinsing off, and apply- 
ing a mild ointment, is a somewhat 
similar method of treatment which is 
serviceable at times. In some ob- 
stinate cases, thoroughly stirring the 
skin with a strong remedy, instituting 
a substitutive inllammation, and then 
api)lying mild remedies will not infre- 
([uently bring about the desired re- 
sult. Finally, in ])ersislent cas(‘s re- 
course iiuiy be had to the use of the 
X-ray, which is tiseful in all forms of 
eczema, and ])articularly for the very 
itchy chronic lesions. It is our best 
anti-pruritic in these instances. 

The writer successfully treated with 
the quartz lamp 12 cases of ec/enia t)f 
various types, which had resiste<l all 
other methods of treatment. Tt sliould 
be tried in obstinate, recurring vesicular 
eczemas which have failed to resiH)nd 
to other forms of treatment, including 
the X-rays; in i)ustular eczemas of the 
scalp and beard to prevent relapses; 
and in chronic eczemas with infiltration, 
of the psoriasiform type, for the re- 
moval of the infiltration. Rave (Archiv 
f. Dermat. u. Syphilis, Bd. ci, Heft 1, 
1910). 

The writer recommends venesection 
plus saline infusion in the treatment 
of skin diseases. This “lavage of the 
(.)rganism'’ washes out toxins. He with- 
draws 100 or 200 c.c. to 6% ounces) 
of blood from a vein and then infuses 


without removing the cannula 300 or 
700 c.c (10 to 2vl^'a ounces) of a 0 0 p^r 
cent, salt solution, repeating this from 
three to six times at intervals of five or 
six da\ s. No hy-efTeets to cause un- 
easiness were observed on the part of 
the kidneys or vaseiilar system in anv 
case, st> that he does not hesitate to 
apply this treatment even to the elderly, 
up to the age of 73. No fever was ob- 
served, and the techni([ue can thus he ap~ 
l)lied to out-i)atients. Tlie l)est results 
were obtained in ])ruritns, urticaria, 
furunculosis and eczema. Simon (Dent, 
med. Woeh., Nov. 30, 1911). 

The W'riter has tlie tKitient expose the 
]>art affeeted in the heat from an oven 
or other sonree at a temperature of 
lOO^’ or 115" C. (212° or 239" J^), pass- 
ing the part gently hack and forth five 
or six times until the ])rirlvling from 
the heal has slopi)ed, dtmig tliis two 
or three times and repeating it three 
times a day at first. The part should 
h(‘ h<9'i ehvser to the source of the 
heal each lime, and the patients do 
this insl inctively when they feel the 
relief from itching and the benefit 
generally from the process. After the 
dry exj^osure a folded towel is dipped 
in boiling water and laid g('ntly on 
the part and moved to and fro, apply- 
ing this with more force each time. 
I’atieiice and j)erseverance were nec- 
essary to coiKiuer tlie old chronic 
eczema in the case reported, the 
writer himself being llm victim, hut 
permanent success finally crowned his 
efforts after a mmiher of relapses. 
Toth (Jour. Amer. Med. Assoc., frtnn 
Berl. klin. Wodi., Oct. 7, 1912). 

The writer used applications of 
hot air in 35 cases of eczema in infants, 
W’ith good results. Most of the cases 
had already been treated with oint- 
ments and zinc oxide pastes without 
success. Treatment was applied for 
five to ten minutes, once daily, and in 
the intervals the affected region w'as 
covered with olive oil. Strict dietetic 
measures should he enforced during 
treatment. JVrhnanh (Munch, med. 
Woch., Jan. 9. 1912). 

The writer foiind that it is un.safe 
to apply the X-rays without a filter in 



418 


ECZEMA (STELWAGON AND GREENBAUM). 


the treatment of eczema. Kuznitsky 
(Berl. klin. Woch., Feb. 14, 1916). 

The writer has given 1 to 8 X-ray 
exposures in 28 cases of chronic ec- 
zema which had proved refractory for 
from 1 to 15 years to other measures. 
He gave a V/i H unit exposure; 50 
per cent, seem cured. Penso (Nederl. 
Tijdsch. V. Geneesk., Dec. 29, 1917). 

The X-ray at the Finsen Light In- 
stitute at Copenhagen failed to display 
any actual curative action but it had a 
very welcome symptomatic effect. It 
banished the pruritus, and the peace 
thus obtained gave the eczema a 
chance to heal under local measures. 
The effect was only symptomatic and 
did not last more than 6 or 7 weeks 
in their 168 cases. Permanent re- 
covery was observed in only 58; there 
was recurrence or renewed flaring up 
of the eczema in all the others. S. 
Lomholt (Hospitalstidende, Nov. 5, 
1925). 

For oozing .surfaces, two to three 
applications of solutions (3 to 10 per 
cent.) of silver nitrate are often 
helpful. 

In infants the face and scalp are by 
far the most common sites. The dis- 
ease may, however, occur upon any 
part at any age. The treatment in 
regional eczema is essentially the 
same as the treatment of eczema of 
any part, common sense suggesting 
selection or avoidance which the char- 
acter of the region may indicate for 
instance, upon hairy parts, as the 
scalp. Ointments containing large 
percentages of pulverulent substances, 
.should not be employed. Thyroid 
gland is useful in sluggish cases, par- 
ticularly where the stigmata of hypo- 
thyroidism are present. 

The eczema in infants and young 
children may be due to strong soap, 
mustard, woolen garments, exposure 
to moist and cold air, excessive per- 
spiration, parasitic disease, discharges 
from the navel, ears, or nose. Chil- 
dren may tolerate 8, 10, or 12 ounces 


of milk daily, but when a larger 
amount is given, eczema results. A 
gradual increase may establish toler- 
ance. Some infants possess no toler- 
ance whatever for orange juice, which 
may cause red scaly patches about the 
mouth and erythema of the cheeks 
and other parts of the body. Beef 
juice acts in like manner. Butter fat, 
milk and cane sugar, and orange juice 
have been proven by elimination to be 
the most frequent dietetic cause of 
eczema. Cow’s milk protein is a rare 
cause. The most stubborn eczema 
due entirely to external agencies is 
the eczema intertrigo. Such infants 
should be taught to evacuate the 
bowels night and morning. Over the 
genitals absorbent cotton is placed to 
collect the urine, and citrate of potas- 
sium given internally. Unguentum 
aquae rosae containing white wax, 10 
per cent., is effective. The involved 
areas must be protected from scratch- 
ing and irritation. In breast-fed in- 
fants, the fir.st .step should be to ex- 
amine the mother’s milk, and, if a high 
fat content is found, to reduce it 
through dieting processes. Such chil- 
dren are rarely cured unless they are 
weaned. Yet it is not advisable to 
wean a thriving baby because of 
eczema. In the bottle fed, the best re- 
sults are obtained by the use of skim- 
med milk cooked with starch, prefer- 
ably rice or wheat. A high protein 
and a high starch food may be given, 
often with addition of olive oil to 
raise the caloric content. As early as 
the seventh month, squash, carrots, 
and mashed potato can be added. 
The salt of fresh vegetables possesses 
therapeutic value. In children past the 
bottle age, treatment is along the 
same lines. Among the drugs, potas- 
sium citrate, sufficient to neutralize 
the urine, is the best. C. G. Kerley 
(Med. Rec., June 17, 1916). 

Sajous states that a perfect secre- 
tion of the thyroid is necessary for 1, 
proper relationship of the amount of 
fat to the rest of the body; 2, proper 
nitrogenous metabolism of the body; 
3, proper health and functions of the 
skin and its appendages, hair, nails, 
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etc. Hence, deficient secretion is apt 
to produce disturbances of skin func- 
tions and to interfere with the meta- 
bolism of proteins and fats. In a per- 
sonal case in a child which had re- 
sisted all treatment, a complete cure 
was obtained with thyroid. Fairly 
large doses should be administered at 
first, in order to remove results which 
have been produced by deprivation t>f 
thyroid secretion. T-atcr, smaller doses 
are given to maintain a normal equi- 
librium and prevent a recurrence, 
h'ollowing improvement, the do.se of 
thyroid which at first was sufficient 
later becomes an overdose, the pa- 
tient consuming his own fat. Edel- 
man (N. Y, Med. Jour., Mar. 9, 1918). 

The writer recommends small re- 
peated doses of X-rays to the thyroid 
gland in cases of chronic eczema, lie 
found it useful especially in the cases 
not responding to the ordinary local 
treatment. C. Guarini (Giorn. ital. d. 
mal. veil, e delle pclle, p. 1152, 1923). 

Henry W. Stelwagon 

AND 

SlGMGNI) S. (jREENBAPM, 

Philadelphia. 

EDEMA. See A.scites and 1''i)ema. 

EDEMA, ANGIONEUROTIC. 

See Asoite.s and Edema. 

ELATERIUM AND ELATE- 

RIN . — Elatcrium is a sediment deposited 
from the juice of the squirting cucumber 
(Ecballiitm elatcrium, Richard). This sedi- 
ment, when dried, appears in friable cakes 
about Ho of an inch in thickness, flat or 
slightly curled, and of a pale-green, grayish- 
green, or grayish-yellow color, the 3a'llow 
tinge appearing when the drug is old. Its 
odor is feeble and its taste bitter and slightly 
acrid. It is slightly soluble in alcohol, ether, 
chloroform or benzene, but insoluble in 
water. Elaterin (claterinum — U. S. P., R. P.) 
is the active principle of elatcrium, being 
found therein in amounts varying from 
5 to 40 per cent. It is a neutral principle and 
appears as minute, white scales or prismatic 
crystals, without odor, but of a very bitter 
and acrid taste. It is freely soluble in 
chloroform, slightly soluble in ether and 


alcohol, and insoluble in water. Elaterin is 
preferred for administration because of the 
great variability in strength of difTerent 
specimens o{ elatcrium. 

PREPARATIONS AND DOSE.— 

Elatrrinum, U. S 1' (elaterin). Dose, %(» 
grain (().()()3 (hn ) 

Formerly ofilcial was: — 

Trituratio claieriiii, U .S. P. IX (tritura- 
tion of elaterin), comiiosed of 1 part of 
elaterin to 9 parts of lactose. Dose, y'j 
grain (0.03 Cini.). 

PHYSIOLOGICAL ACTION. Flate- 
rhim is a decided irritant to the mucous mem- 
branes and also to the skin, and frequently 
causes ulceration of the fingers and eyes in 
tho.se working with it. When given inter- 
nallj^ its chief action, in man, is to produce 
profuse, watery stools. It is .said that this 
drug also produces a purgative effect when 
applied externally. Small doses act as a 
stimulant to the mucous membrane of the 
.stomach and intestine, increasing their secre- 
tion.s. It is also said to act as a stimulant to 
the liver a:ul pancreas. When given in 
proper doses, these large, watery evacuations 
occur without undue pain or any afiparent 
gastrointestinal irritation, and for these 
reasons elatcrium claims first rank as an 
hydragogue i)urgt . 

POISONING BY ELATERIUM.— In 

large doses or in debilitated persons its use 
may produce so much prostration and ex- 
haustion as to demand the exhibition of 
stimulants and other suptiorting measures. 
In addition to nausea, vomiting, excessive 
purging, and exhaustion, the use of too large 
doses of this drug may even be followed by 
death from gastroenteritis. Debility from old 
age or other causes and gastrointestinal irrita- 
tion or inflammation contraindicate its use. 

'J'he subcutaneous u.se of elatcrium, al- 
though capable of producing catharsis, is 
not advi.sed, on account of the severe local 
irritation and inflammation thereliy induced. 

TREATMENT OF ELATERIUM 
POISONING. — The treatment of poi.soning 
by this drug is practically that of gastro- 
enteritis. Morphine should be given hypo- 
dermically, and hot applications made over 
the abdomen to allay pain and control the 
irritation and diarrhea. Especial care should 
he had in the selection of a proper diet. 
Bland, easily digested, and unirritaling 
articles of food should be selected. 
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THERAPEUTICS.— Elatcrium has been 
used in conditions demanding depletion, but 
salines are usually preferable in such cases; 
the use should not be continued if the stom- 
ach becomes disordered or the appetite im- 
paired. It should never be used in cases of 
debility or marked exhaustion, and may be 
followed with advantage by alcoholic stimu- 
lants soon after its action is manifest. Its 
use is suggested in cerebral congestion on 
account of its depletant and derivative 
action. In poisoning by narcotics and in 
acute alcoholism elaterium is indicated 
when the emunctories arc not acting freely. 

It should not be used in cases of ordinary 
constipation, on account of its violent action. 
It is also contraindicated in inflammation of 
the stomach and intestines, in extreme ex- 
haustion, any weak heart condition, and 
during pregnancy. 

In ascites and dropsical effusions elate- 
rium is of great value, though one the use 
of which demands much care and judg- 
ment. In dropsy depending on aortic, ob- 
structive, or regurgitant disease it is espe- 
cially useful, given in small doses at lir.st, 
beginning with gr. (0.003 Gm.) and 
increasing the dose on alternate mornings 
at say 5 o’clock, so that its action is fin- 
ished by noon. This is claimed, by Hyde 
Salter, to quiet the heart, relieve the dysp- 
nea, lessen the pulmonary congestion, and 
diminish the hydrothorax. 

Uremic poisoning is much benefited 
through the use of elaterium, as it aids the 
elimination of the uremic poison by the 
bowel. It is especially indicated when uremia 
is associated with dropsical effusion. 

In pulmonary edema, pleurisy, and peri- 
carditis, the hydragogue catharsis induced 
by elaterium sometimes proves beneficial. 

S. 

ELECTRIC CHOREA. See 

Chorea. 

ELECTROTHERAPEUTICS.- 

While electricity has long been used in 
the treatment of disease, and inventions 
in appliances for electrotherapeutics 
are in some measure commensurate 
with those used for industrial pur- 
poses, the use of electricity in medi- 
cine is still largely discredited or ig- 


nored by a considerable portion of the 
medical profession. Several factors 
have contributed to the production of 
this condition of affairs, prominent 
among which has been the disappoint- 
ment caused by its failure to produce 
impossible results which were pre- 
viously expected of it. The reaction 
from this disappointment was accen- 
tuated by the fact that irregular prac- 
titioners have continued to exploit it 
and claim for it obviously unreason- 
,able powers. Many medical colleges 
have only the most perfunctory 
courses in electrotherapeutics, or some 
none at all, and medical graduates 
frequently start in practice with little 
knowledge of the physics of electric- 
ity, and less of its physiological ef- 
fects when applied to the living body 
in the various modalities. So it has 
come to pass that electricity is con- 
sidered by many to be useful in any 
large degree only to the “quack,’’ or 
to have its chief value in the psychic 
effect produced by its use. It is 
much to be regretted that so much 
emphasis has been placed on the so- 
called “psychic” effects of the various 
applications of electricity. Not only 
is the scientific knowledge of the 
physiological and therapeutic effects 
of the different modalities sufficiently 
established to justify their rational 
application for specific results, but 
the modern status of psychotherapy 
does not justify the blind and indis- 
criminate use of a force which is 
mysterious, not only to the patient, 
but too frequently to the physician 
applying it. 

Electricity has undoubtedly a very 
distinct and rather wide field of use- 
fulness as a therapeutic agent, but one 
which can be successfully utilized 
only when its properties, physical as 
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well as physiological, are well under- 
stood. Although the limits of this 
chapter prohibit a detailed presenta- 
tion of the subject of electrophysics, 
certain fundamental considerations of 
this phase of the subject are required. 

GENERAL CONSIDERATIONS. 
— Nature of Electricity. — As is the 
case with all of nature’s forces, an 
ultimate knowledge of electrical force 
is lacking; it is only known by its 
manifestations, and from these cer- 
tain rules or laws have been formu- 
lated. ]5y means of these laws are 
explained the relationship between 
the different forms or currents of 
electricity, and the fact that all of 
these different forms are essentially 
the same force manifesting itself in 
different ways according to the source 
by which it is generated or the in- 
fluences to which it is subjected. 
And by practical utilization of these 
laws it is possible not only to regulate 
and measure the currents applied, but 
also to have available from a single 
source several currents having differ- 
ent properties. 

Electric Potential. — The character 
of an electric current is determined 
largely by its potential, that is, its 
ability to overcome resistance. There 
are many analogies between hydro- 
statics and electrodynamics, and just 
as the force with which water flows 
from an opening in a pipe depends on 
the pressure of water within the pipe, 
so the potential of an electric current 
depends upon the pressure or “vol- 
tage” of its source of supply. As 
with water, the smaller the opening 
in the pipe the less is the actual 
amount that escapes with a given 
pressure, so with electricity the 
greater the obstacle to its passage the 
^smaller the amount of the current 
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which passes through a conductor 
with a given voltage. 

Resistance and Intensity of Current. 
— Although electricity is capable of 
traversing in some degree all kinds 
of matter, some materials, such as 
glass, amber, rubber, etc., offer enor- 
mous resistance to the current, and 
are called non-conductors, or insula- 
tors; other materials, as metals, and 
especially copper, offer very little re- 
sistance, and are called conductors. 
Rut all conductors offer a definite 
amount of resistance which varies di- 
rectly with the length of the Cf^nduc- 
tor and inversely with the area of its 
cross-section. As will be readily 
seen, the amount of the current pass- 
ing through a conductor will depend 
on two factors, viz., the potential and 
the resistance, varying directly with 
the former and inversely with the lat- 
ter, The units in general use for 
measuring the potential, the resist- 
ance and the amount of the current 
are, respectively, the volt, the ohm, 
and the amjiere. One ampere repre- 
sents a definite amount of force jiass- 
ing through a circuit; it is a unit of 
intensity. An ohm represents the re- 
sistance offered to an electric current 
equivalent to that of a column of mer- 
cury with a cross-section of 1 sq. mm. 
and 106 cm. long; and a volt repre- 
.sents the potential necessary to force 
1 ampere of current through the re- 
sistance of 1 ohm. heroin this is 
formulated Ohm's law, which is 
E 

C — — , or, transposed, E~CR, and 
R 
E 

R --^ — , in which C — current in am- 
C 

peres, i: potential in volts, and R 
— resistance in ohms. A thorough 
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comprehension of tlic application of 
Ohm’s law is essential to a workinty" 
knowlcd^i^e of electrotherapeutics as 
well as any other branch of electrical 
science. 

Polarity. — i^dectricity, whether in 
motion or at rest, manifests two op- 
posing states — a ])ositive and a nej^a- 
tive — which tend to mutually neu- 
tralize each other. If an electric cur- 
rent could be said to havx'' any direc- 
tion of flow, it may be conceived as 
passing from the positive to the nega- 
tive states or points in a circuit. As 
will be considered later, in certain 
currents the effect of this polarity is 
lost by reason of its rapid alternations 
in a given circuit. 

The constant or direct current is a 
current in which the flow of elec- 
tricity through the conductors is 
smooth and ccuitinuous, the jxdarity 
remaining fixed. Medically it is used 
only in small amounts, the 110-volt 
D. C. commercial current (generated 
by dynamo) being adequate for nearly 
all purposes in which the constant 
current is useful. A battery of from 
40 to 60 cells, or a storage battery, 
may be used to furnish this form of 
electric force, which is also called 
“galvanic’' or “voltaic” electricity. 
In the application of the direct cur- 
rent the intensity is regulated by a 
rheostat, by means of which a varying 
amount of resistance is interposed in 
the circuit and the amperage corre- 
spondingly reduced. As the intensity 
of current required for medical pur- 
poses is so small, the unit of measure 
employed is the milliampcre, which is 
^000 of 1 ampere, and the milliam- 
peremeter is the instrument which 
records the amount being used. 

The alternating current, so largely 
used for commercial purposes, is gen- 


erated by dynamos, and is character- 
ized by a rapid succession of alterna- 
tions in the polarity or direction of 
flow of the current, usually 60 cycles 
(120 alternations) per second. This 
current is unsuitable for many uses to 
which the direct current is applicable, 
but has special uses of its own, and is 
readily transformed to any desired 
potential. It is the standard com- 
mercial current where electricity is 
transmitted long distances. 

Induced Currents . — lly induced elec- 
tric currents are meant those which 
arc produced in circuits which have 
no direct or metallic connection with 
the source from which they arc de- 
rived. Jf the conductor or wire of a 
circuit carrying a direct current is 
closely parallel to part of another cir- 
cuit having no independent source of 
supply, each time the flow is inter- 
rupted or started in the first circuit 
momentary waves of electricity are 
induced in the second circuit. This 
iinjiulse in the second circuit is in the 
opj)osite direction to that in the first 
when the current is started, but flows 
in the same direction as the first when 
the latter is interrupted. One of the 
simplest applications of this principle 
is the faradic coil. In this instrument 
a small coil of wire, the “primary” 
coil, in connection with a direct cur- 
rent is surrounded by, but has no 
metallic connect hm with, a larger 
“secondary” coil. A vibrator, or 
mechanical interrupter, in the pri- 
mary circuit causes the make and 
break with any desired rapidity. 
This induced current in the secondary 
coil is the faradic current, and is ac- 
centuated if a core composed of a 
bundle of soft-iron wire is placed 
within the primary coil. The poten- 
tial or voltage of the induced or 
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secondary current depends upon that 
of the primary circuit and the relative 
number of turns in the ’windings of 
the two coils. Thus, if the number of 
turns in the two coils be the same, the 
voltage in the induced is the same as 
that in the primary current. How- 
ever, the induced current is an alter- 
nating one, the rapidity of the alter- 
nations corresponding to the rapidity 
of the make and break in the primary 
by the interrupter, and it sliould be 
stated that the impulse caused by the 
break is greater than that induced by 
the make in the primary, thus produc- 
ing a certain amount of noticeable 
polarity in the secondary circuit. If 
the number of turns in the secondary 
is double that of the primary, the vol- 
tage is doubled, and so the voltage of 
the secondary circuit can be regulated 
at will ; but with each increase in vol- 
tage there is a corresponding loss of 
intensity in accordance with Ohm’s 
law. In the large Ruhmkorff coils 
used in X-ray work the secondary 
windings contain many miles of fine, 
carefully insulated copper wire. 

The principle of induction is also 
utilized in transforming commercial 
alternating currents to any desired 
potential, high or low, by means ‘of 
'‘step-up” and “step-down” trans- 
formers. 

Static Electricity. — Static, franklinic, 
or frictional electricity is electric 
force manifested in very high poten- 
tial and low intensity, but differs from 
induced currents of similar high vol- 
tage and small volume in having a 
fixed polarity, whereas the induced 
current is of alternating polarity. 
The voltage of static currents cannot 
be accurately measured, but is esti- 
mated by the length of the spark dis- 
charge to be hundreds of thousands of 


volts for the larger machines. The 
amperage of this current, even from 
the most powerful machines, attains 
only 8 or 10 milliamperes, and from 
the average 24 glass-plate machine 1 
or 2 milliamperes. 

Hu/Ji-frcqucncy Currents . — This des- 
ignation ap])lies to several currents 
whicli vary as to the potential and the 
amperage, and signifies electric cur- 
rents of generally high potential of an 
oscillating, alternating polarity of in- 
conceivable rapidity estimated at 
from .SOO^OGO to several million os- 
cillations per second. The principle 
of their formation is essentially that 
of a series of step-up transformers or 
induction coils witli which are utilized 
condensers or Leyden jars. The 
rapid discharge through the spark- 
gap of cJie secondary circuit also rep- 
resents the discharge of the conden- 
sers. Each discharge of these is ac- 
companied by thousands of oscilla- 
tions of alternating polarity which 
are transmitted to coils or “s-olenoids” 
of different ty])es and arrangements. 
Of the high-frequency currents used 
therapeutically there arc two prin- 
cipal types, viz., the d’Arsonval and 
the Tesla, or Oudin. The d’Arson- 
val current is of comparatively low 
potential and high amperage, the lat- 
ter reaching a maximum of 2000 or 
3000 milliamperes. The Tesla and the 
Oudin currents arc essentially the 
same, and have a j)otcntial approach- 
ing that of the static current, but 
differ in having an alternating char- 
acter, whereas the static is of fixed 
polarity. It is the Tesla type of cur- 
rent that is utilized for the produc- 
tion of Hertzian waves in wireless 
telegraphy. 

THERAPEUTICS.— Galvanic cur- 
rents for medical use are derived 
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cither from batteries or commercial 
circuits. The necessary apparatus 
for the control and application in- 
cludes a controller in the form of a 
rheostat of a potential reducer, a 
milliampercmeter, a pole-changer, and 
various electrodes. These can be con- 
veniently arranged in a portable box 
if a battery is used, or on a table or 
cabinet. The potential of the source 
of supply may be from 50 to 110 
volts, but must be completely under 
control so that any desired amount 
of current, even 1 or 2 millamperes, 
may be applied smoothly; otherwise, 
undesirable and painful shocks are 
produced. Since the positive and the 
negative poles produce different ef- 
fects. it is always necessary to bear in 
mind the polarity of the current. By 
means of the pole-changer, the polar- 
ity of the electrodes may be reversed 
without changing their position. The 
electrode having a positive polarit}^ is 
called the anode, the one with the 
negative being the cathode. The 
amount of current used in therapeu- 
tics varies from 1 to 2(X) milliampercs, 
but few operators find it advisable to 
use more than SO to 60 milliamperes. 

An important characteristic of the 
galvanic current is its power to stimu- 
late muscle to contraction when ap- 
plied either to the motor nerve or to 
the muscle itself; with small currents, 
contractions occur only when the cir 
cuit is made or broken, and in the 
normal condition are momentary and 
followed by immediate relaxation. 
The force of the contractions vary 
with the strength of the current, and 
also according to whether the anode 
or the cathode is applied to the mus- 
cle or nerve, or whether the circuit is 
made or broken. In cases of lesion, 
or disease of the peripheral motor 


nerves, or of the motor cells from 
which they originate in the spinal 
cord (or brain-stem in the case of 
cranial nerves), certain changes take 
place in the character of the reactions 
which are known as the reactions of 
degeneration (R. D.). To test the 
electrical reactions of muscles, one 
electrode is applied to the part to be 
examined, the other at some indiffer- 
ent point. The electrodes should be 
covered with cotton or felt and 
moistened with a weak solution of 
sodium bicarbonate. By the pole- 
changer the electrode on the part ex- 
amined is made the cathode, and 
starting with the current at zero the 
rheostat is gradually regulated to 
slowly increase the current ; at the 
same time alternately opening and 
closing the circuit by means of a 
breaker in the handle of the electrode. 
When the first contraction occurs in 
the muscle, note is made of the read- 
ing of the meter, and whether it oc- 
curs at the make or the break. Con- 
tinuing the same way. the current is 
increased until contractions occur 
both at the make and the break, and 
the number of milliamperes is again 
noted. Reversing the pole-changer 
so that the active electrode becomes 
the anode, the procedure is repeated, 
after which the record shows the 
minimum current strength necessary 
to cause contractions with the cath- 
ode and the anode when the circuit is 
opened and when it is closed. The 
following formula expresses the nor- 
mal reactions; CaClC>AClC>AOC- 
>CaOC, which signifies that the 
cathode-closure contraction is greater 
(or occurs with smaller current) than 
the anode-closure contraction, which 
is greater than the anode-opening 
contraction, which, in turn, is greater 
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than the cathode-opening contraction. 
During the degeneration of a motor 
nerve and the atrophy of the muscle, 
beginning about ten days after an 
injury, both the reaction formula is 
changed and the character of the mus- 
cular contraction is altered. The ex- 
citability of the nerve is diminished 
or lost, that of the muscle is increased 
at first and later diminished, and 
the contraction itself becomes slower 
and extends through the muscle in 
a wave-like motion. Tlie reaction 
formula changes, the minimum con- 
tractiem occurring at the anode, 
as AClOCaClOAOO.CaOC or 
AClOCaCIOCaOOAOC. With 
the faradic current reactions of de- 
generation are only manifested in a 
quantitative change, i.c., c(mt rad ions 
diminish in strength or disap])car and 
gradually return with regeneration. 

4"he reactions of degeneration are 
not only valuable in diagnosis, but 
also in prognosis, as the amount of 
change in the responses is an accu- 
rate indication of the degree of in- 
jury to the nerve. Tn a case of IJeirs 
palsy, in which the paralysis of the 
facial nerves is complete, tlie presence 
of faradic response and only slight 
galvanic K. D. ten days after the on- 
set indicates rapid and complete re- 
covery; loss of faradic contractions 
and reversals in the galvanic formula 
in a similar case would indicate slow 
and probably incomplete recovery. 

The ability of the galvanic current 
to produce contractions in paralyzed 
muscles when all other measures fail 
makes it an important therapeutic 
agent for stimulating the nutrition 
and circulation as well as the regen- 
eration of the affected nerves in 
peripheral neuritides, acute poliomye- 
litis, and allied conditions. Applica- 


tions are made in the same manner 
as described in testing the reactions, 
using current sufficient only to cause 
contractions and fre({uently (»])ening 
and closing the circuit. It is seldom 
necessary t(* use more than 10 or 15 
milliampercs of current fm* this pur- 
]^ose, and dail\ applications sliould 
employ but a few contractions for 
each muscle. 

Cataphoresis. — It has been demon- 
strated tliat medicinal substances in 
solution on an absorbent electrode 
can 1:)C f('>rced by the gal\’anic current 
into the living tissues, or even en- 
tirely througli them, appearing in the 
opposite electrode, ddiis has given 
rise to the method of administering 
various medicaments called catapho- 
resis, for the rca,son that most of tlie 
substance^ so em])loyed are attracted 
by the catluKle pole. It slK)uld 1)C 
noted, however, that such sulislances, 
including* the metals, bases and alka- 
loids to be absorbed, must be applied 
at the anode, for the reason that they 
are clectro])Ositive, such as acids, acid 
radicals, and also the halogens, elec- 
tronegative substances, arc aiqilied at 
the cathode. Cocaine ajiplied to a 
body surface (anode) produces sigier- 
licial anesthesia. Solutions of mag- 
nesium sulidiatc by cata])horesis have 
been enijiloyed with success in the 
treatment of flat warts, but were un- 
satisfactory for the fungating type. 
Urethral cataphoresis, using a Yi per 
cent, solution of zinc sulphate, has 
been repfirted by r»c)uchet (1907) to 
be valuable in the treatment of acute 
and chronic gonorrhea. Salicylic 
cataphoresis with a 10 per cent, solu- 
tion of the sodium salt at the cathode 
relieves the jiain of myalgias, neural- 
gias, and some forms of rheumatism 
when applied over the affected area. 
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The current strength employed in 
cataphoresis is usually small, being- 
limited by the toleration of the patient. 
Large electrodes allow stronger cur- 
rents to be used than small ones. 
Massey applies the term ‘hnercuric 
cataphoresis” to his method of treat- 
ing neoplasms, but it is really a com- 
bination of cataphoresis and elec- 
trolysis, since not only is mercury 
deposited in the tissues, but also 
destruction of tissue takes place by 
action of the electricity. This method 
is employed under general anesthesia. 
Several zinc needles amalgamated 
with mercury connected with the 
anode are thrust into the tumor and 
the current is very gradually in- 
creased to 100 or even 200 milli- 
amperes, according to the effect de- 
sired. The result is a destruction of 
the tissue about the needles, with 
gradual separation of the slougli and 
healing by granulation. ^.l"he tech- 
nique for this operation is important, 
as a sudden change of potential while 
the heavy current is passing would 
be dangerous. The indifferent elec- 
trode is very large and covered with 
wet clay, or kaolin. 

Electrolysis. — One of the manifes- 
tations of the galvanic current is the 
decomposition into their constituent 
elements of substances through which 
it passes. This is exemplified by the 
liberation of hydrogen and oxygen at 
the surface of electrodes submerged 
in water, II from the cathode and O 
from the anode. When galvanism is 
applied to living tissues by means of 
needles or small electrodes, local 
electrolysis occurs amounting to ne- 
crosis if the application is sufficiently 
strong or prolonged. The action dif- 
fers at the two poles, that at the 
anode having the character of an acid 


burn, that at the cathode of a caustic 
alkali. The electrolytic action of 
electricity is adapted to the removal 
of superfluous hair and the destruc- 
tion of various small warts, nevi, 
sebaceous cysts, etc. 

In this form of application small 
potential is required, about 10 volts 
usually being sufficient, and a few 
dry cells or a storage battery answer 
very well. A volt-controller should 
be used if the 110-volt industrial cur- 
rent is utilized. A rheostat and meter 
are also required. Gold or iridoplati- 
nuni needles are advisable, since steel 
ones are attacked by the chemical 
action of the fluids liberated. Either 
unipolar or bipolar applications may 
be employed. In the former tlie in- 
different electrode may be held in the 
hand of the patient. In bipolar appli- 
cations two needles attached to one 
handle are insulated from each other 
and each is attached to one of the 
poles of the circuit. 

In removing superfluous hair, uni- 
j)olar electrolysis is used, and, with no 
current flowing, the needle, connected 
with the negative pole, is very care- 
fully inserted alongside the hair di- 
rectly into its follicle to the bottom. 
The current is slowly turned on, using 
from 1 to 3 mi Hi amperes of current. 
A slight froth appears around the 
needle, and there is always some dis- 
comfort or pain connected with the 
operation. Cocaine cataphoresis may 
be utilized on the surface treated, for 
the comfort of the patient. Hairs 
close together should not be selected 
for a single treatment, as soreness or 
scarring is likely to result, and in any 
event slight soreness and redness may 
last for a few days and minute tem- 
porary pitting occur. 

For the removal of warts and moles 
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the cathode needle is thrust thruiiRh 
their structure near the ])asc; the 
current of about 10 milliainpcrcs 
is then passed until tlie surface is 
blanched. Two or more needles on 
one electrode are used if the wart is 
larg^e. The same precautions are em- 
ployed in turnirii^ the current on and 
off as with all other treatments by 
electrolysis, — tlic electrodes should 
not he applied nor removed while the 
current is turned on. For nevi, port- 
wine stains, etc., bipolar electrolysis 
is emi)loycd. 

In the treatment of urethral stric- 
ture by electrolysis the object is 
not tc^ destroy tissue, but only to 
soften the constrictions by the cath- 
ode current to the jxnnt of makini^* 
them dilatable. For this jnirpose 
Newman's olivary urethral boiAt^ics 
with insulated stems are employed, 
and when in place against the stric- 
ture a current of about 5 milliam])ercs 
is turned on, at the same time makin.q; 
^‘entle pressure unlil the boui^ie 
passes through the constriction. 1 he 
size of the bouj^ie to be selected should 
have only slij^htly greater diameter 
than the caliber of the stricture. 
Treatments may be j^iven at intervals 
of about one week. 

]"or esophageal strictures of trau- 
matic or caustic origin treatment 
similar to that for urethral strictures 
may be employed with success. 

Galvanocautery. — Either the direct 
or alternating current may be utilized 
for the galvanocautery, which de- 
pends upon the heating to incandes- 
cence the platinum electrode by the 
passage through it of a current of 
heavy amperage, but small voltage. 
From 10 to 20 amperes are required 
for ordinary work, and this can be ob- 
tained from a 6-volt current if the 


resistance is sufficiently low. Similar 
amperage from liii^h- voltage currents 
is wasteful of energy and dangerous 
to use. The source of current may be 
either bichi ornate cells or storage bat- 
tery wired in series i>arallel ; or where 
the commercial 110 volts 1). C. is 
utilized, a combined motor and gen- 
erator which delivers current of low 
voltage is advisal)le. Suitable current 
for galvanoeauterx is readily obtained 
from the commercial 11(J volts A. C. 
current by means of a step-down 
transformer. The galvanocautery is 
ai)i)licable wdiere actual cautery is 
needed, electricity playing no i)art in 
the application. 

The Faradic Current. — A faradic 
coil may be o])eraled by direct cur- 
rents of from 4 to 110 volts, l^ven a 
single voltaic cell wiW furnish suffi- 
cient current to cause pow(‘rful mus- 
cular contractions and painful setisa- 
tions. 41ie high vedtage of the street 
current (llO volts D. C.), wdien regu- 
lated by resistance (rheostat), works 
satisfactorily, but the strong sparking 
at the interrui)ter rapidly burns out 
the i)latinum contact ]ioints. A volt- 
controller may, therefore, be used 
wdth advantage to reduce the current 
to about 0 volts. The commercial 
alternating current Avill operate a far- 
adic coil, but the result is unsatisfac- 
tory, as the induced current from it is 
very jerky and uneven. Various 
forms of aj)paratus have been sug- 
gested to convert the alternating cur- 
rent directly into the galvanic, but 
though the so-called converters may 
work fairly well for a time, they de- 
teriorate, get out of order and need 
renewal, atid are generally a nuisance. 
Where only the alternating current is 
available, the only practicable way of 
obtaining dependable galvanic elec- 
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tricity for the faradic coil, as well as 
for other uses, is by means of the 
motor-generator, a combination of 
motor operated by the alternating 
current connected with a dynamo 
which generates the direct current. 

The chief eflfect of the faradic cur- 
rent is its power to cause muscular 
contraction. With a vibrating inter- 
rupter the electric impulses are so 
rapid as to produce a tetanic contrac- 
tion of the muscles to which it is ap- 
plied ; when the interruptions are 
slow, individual momentary contrac- 
tions are produced. When a motor 
nerve is degenerated, the muscles it 
supplies lose their irritability to the 
faradic current, as was mentioned in 
discussing the reactions of degenera- 
tion. 

By virtue of its property of causing 
muscular contractions, the faradic 
current is widely applicable in stim- 
ulating weak, paretic or paralyzed 
muscles, and by general application 
and by means of baths for its tonic 
effect. 

On the sensory system, rapidly in- 
terrupted mild currents cause a rather 
pleasant, soothing sensation of vibra- 
tion, but stronger currents, especially 
when applied with a wire brush or a 
pointed metal electrode, give rise to 
severe pain. Thus, by its sensory 
effect, the faradic current may be 
utilized either as a sedative or as a 
stimulant or counterirritant. Applied 
at the site on neuralgias with a 
strength moderately painful for from 
five to ten minutes, much relief is 
often obtained. 

Static Currents. — The true static 
current can only be obtained in suffi- 
cient amounts for therapeutic use 
from the static or influence machine, 
which consists of a series of insulated 


glass, mica, or fiber plates revolving 
rapidly in close proximity to other 
similar plates. The electricity is de- 
livered at the terminals in the form 
of currents of exceedingly high vol- 
tage, but low amperage and fixed 
polarity, and which will pass in 
sparks between the poles through 
many inches of air space. The static 
machine is operated by an electric or 
water motor, and should be inclosed 
in an air-tight case to exclude mois- 
ture, which will prevent its working. 
In prolonged wet weather, or in damp 
locations, the static machine may re- 
fuse to charge in spite of all precau- 
tions. It is well to keep within the 
case several dishes containing about 
10 pounds of well-dried calcium chlo- 
ride, which should be dried again as 
often as it l)ecomes soggy with mois- 
ture. Much heat is required to dry 
this substance on account of its at- 
traction for water. For quick starting 
in emergencies, a 4-quart pail filled 
with equal parts of chopped ice and 
salt hung from a hook in the top of 
the case, or placed on a dinner plate 
on the bottom, can usually be de- 
pended upon. Large quantities of 
water condense and freeze on the sur- 
face of the pail, which must be re- 
moved before the frost melts. The 
case should be opened and closed 
quickly. A hygrometer within the 
case is of value in indicating the 
humidity and the efficiency of meas- 
ures used to reduce it. 

The output of a machine in good 
working order is determined by the 
number and size of the revolving 
plates and the speed at which they are 
run. There are several different 
forms in which static electricity may 
be applied therapeutically, depending 
upon the manner in which the patient 
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is connected with the apparatus, and 
are divided into three types, the dis- 
ruptive (sparks), the convective, and 
the conductive. 

Disruptive discharges, or static 
sparks, arc administered l)y placing 
the patient upon an insulated stand 
to which the positive pole of the 
machine is connected. With the op- 
posite pole j^rounded, the slidin.e^ rods 
of the spark-gfap are separated be- 
yond the sparkini^ distance, and the 
patient’s body is approached with the 
ball electrode with a chain attached 
reaching to the floor. The electricity 
passes in sparks between the patient 
and the electrode, and their size can 
be regulated by the speed of the 
machine, or by the more or less com- 
plete ^roundinj:);* of the electrode and 
of the ne^qi’ativc ])o1c of the machine, 
ddic stron^d'est possible sparks arc ob- 
tained by connecting- the electrode by 
chain with (me pole of the machine 
and the insulated table with the other. 
This method of application is more or 
less disagreeable, and sparks should 
not be drawn from sensitive areas nor 
from bony prominences on account of 
the pain produced. The effect oi the 
static spark is to cause a momentary 
muscular contraction, a sharp or 
sometimes pounding sensation, and a 
small point of irritation on the skin 
for each spark contact. Repeated 
sparking at one small area will pro- 
duce vesication. Static sparks are 
applicable principally in localized 
muscle spasms and myalgias, to cause 
contractions of atonic muscles, and to 
produce reflex effects. 

The convective discharges include 
the ‘‘static bath,” “static insulation,” 
and the various “breeze,” “spray,” 
and “brush” discharges. The ar- 
rangement of the patient is the' same 


as for the sparks except that cither no 
electrode at all is used or only such as 
cause no spark, as pointed metal or 
those of material having great resist- 
ance, such as wood, etc. Static in- 
sulation, or static l)ath, may be either 
interrupted or constant ; in the former 
case the spark-gaj) is reduced until 
sparks pass causing the patient’s body 
to be alternately charged and dis- 
charged with varying rapidity. When 
('ontinuous, the spark-gap is widened 
and the patient is constantly charged 
with electricity which cscaj)es into 
the air. The breeze, spray, and brush 
discharges arc modifications of static 
insulation, grounded electrodes of 
jiointed metal (for breeze and sj)ray) 
or wood being held near to the pa- 
tient, causing a rapid escape of elec- 
tricity, which gives the sensation of 
blowing air, warm or cool, or of hot 
sand in the part which the electrode 
approaches. 

Static insulation gives the patient a 
mild, pleasant sensation, often re- 
lieving headache and producing drow- 
siness. 1'hc spray and brush dis- 
charges are mildly stimulating to the 
skin, relieve pain, and promote the 
healing of sluggish wounds and ulcers. 

The conductive discharges include 
the static induced currents and the 
s(j-called “wave currents.” For the 
production of the static induced cur- 
rent, each pole of the machine is con- 
nected with the inner armature of a 
Leyden jar, the outer armatures be- 
ing the source of the induced current. 
With each discharge at the spark-gap 
the inner coatings of the I.eyden jars 
are charged and discharged, produc- 
ing oscillations of a to-and-fro char- 
acter in the outer coatings. Elec- 
trodes connected with these give a 
current having much the character of 
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the faradic current, ie., rapidly alter- 
nating and ()^ high potential, and its 
strength depends upon the size of the 
jars, the speed of the machine, and the 
length (A the spark-gap; there is, 
therefore, a very wide range of ad- 
justment 'The patient is not insu- 
lated in ap])lying this current. The 
therapeutic application is practically 
the same as that of faradism. 

The nmr currents, ty])ihe(l by the 
Morton wave, w^ere so named because 
in its a])]dication Hertzian waves 
emanated from tlie j^atient. The con- 
nections h)r this current are made, 
after closing the spark-gap by moving 
the sliding rods, by placing the 
patient on the insulated ])latform, 
grounding the negative pole of the 
machine, and applying the positive 
electrode directly to some cutaneous 
surface. On separating the sliding 
rods, the ])atient\s 1 ody wdll be 
charged with positive electricity, 
which escapes with each discharge of 
the machine through tlic spark-gap; 
it is by regulating the length of the 
sparks that the effects are controlled 
— the longer the sparks, the more 
powerful the effect. l"or the more 
vigorous treatments the skin contact 
.should be large, using metal plates of 
molding tin, or lead-foil, to the body 
.surface to be treated; strong currents 
through small skin contacts cau.se 
disagreeable muscular contractions, 
and separation of the electrode from 
the skin surface causes very painful 
sparks. 

The effects of the wave currents are 
local and general. The local effect is 
manifested mainly in muscular con- 
traction, varying in degree and extent 
according to the length of spark and 
the area of electrode and skin contact. 
The frequency of contraction varies 


with the rapidity of the spark dis- 
charge. The general effects consist 
of a sensation of vibration through- 
out the body, and arc said to counter- 
act deficient metabolism and reduce 
high blood-pressure. The w^ave cur- 
rent is a very desirable means of 
causing muscular contractions, as the 
effects are powerful and penetrating 
and ])ractically painless if the elec- 
trode is sufficiently large. Ilencc its 
reputed value in muscular atony. 

Static hujh-frcijiicncy currents are 
derived from accessory apparatus, as 
the solenoid or resonator, connected 
with the poles of the static machine, 
and Avill 1)0 considered later. 

High-frequency Currents. — As has 
already l)ecn slated, higli-frecpiency 
currents are essentially characterized 
by high jiotential and inconceivably 
rapid oscillations of alternating pedar- 
ity, wliich is made j)ossil)lc by the 
discharges from condensers or Ley- 
den jars. Almost any source of elec- 
tric supply may be utilized for the 
production of high-frequency cur- 
rents, but with varying degrees of 
efficiency. When the direct or gal- 
vanic current is used, a Ruhmkorff or 
X-ray coil may be em})loycd. With 
this apparatus the primary circuit is 
interrupted by a 'mechanical or elec- 
trolytic interrupter, and tlie terminals 
of the secondary circuit connected 
with two condensers. The opposite 
sides of the condensers are con- 
nected with the extremities of a coil 
called the d’Arsonval solenoid, with 
which is also associated another (the 
Tesla) coil, or the Oudin resonator. 
When the alternating current is used, 
it may be converted into the direct 
current by means of a motor-gener- 
ator and utilized as above, or may be 
directly transformed into a high-po- 
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tential current by means of a step-up 
transformer, the secondary terminals 
of which are connected with conden- 
sers and solenoid. In this arrange- 
ment the alternations of the primary 
current serve as interruptions and the 
mechanical or electrolytic interrupter 
is not employed. In each of the above 
arrangements an adjustable spark-gap 
in the secondary circuit discharges 
the condensers and regulates the volt- 
age and frequency. With the static 
current the poles of the static ma- 
chine arc connected with the conden- 
sers, and these with tlic solenoid, as 
previously described. 

'Fhc currents of high frequency are 
of oscillating, alternating character, 
and vary in potential and arnpcTage 
according to the source of original 
sup])Iy, and also according to the 
terminals employed. The static high- 
frequency currents have the smallest 
am])eragc, registering only a few 
milliamperes, while the transformer 
apparatus furnish d’Arsonval cur- 
rents of 2G00 to 30(X) or nuu'e niilli- 
amperes. 

For rendering available the differ- 
ent modalities, or types of current, 
terminals are placed on the apparatus 
connected with the various coils. 
Thus, the two terminals of the .sec- 
ondary winding furnish a modified 
faradic current having high potential, 
the thermofaradic. Connections with 
the extremities of the d^Arsonval 
solenoid furnish the d’Arsonval cur- 
rent, which is of comparatively low 
potential and high amperage. Usu- 
ally only one terminal of the Tesla 
coil or Oudin resonator is employed, 
and the current from this is of very 
high potential, but low in amperage. 

Effects of High-frequency Currents. 
—It is to be noted that there are 


marked differences characterizing the 
action t)f high-frequency currents as 
compared with other electric modali- 
ties. In the first place the electro- 
lytic action, so prominent in the gal- 
vanic current, is entirely lacking in 
the higli-fre(iuency. its energy being 
expended in generating lieat rather 
than chemical effects. A high-fre- 
quency current tliat will discolor a 
solution of potassium iodide and starch 
through which it ]>asses may be 
capable of roasting a potato, cooking 
an egg or a piece of meat. A galvanic 
current which would ju‘oduce finly an 
insignificant amount of heat, if passed 
through the same solution, would de- 
compose the iodide and discolor the 
starch. Again, the galvanic currents 
in which the potential is suddenly 
chaiiged, and alternating currents of 
all kinds excei)t the high frequencies, 
have for a jiromincnt characteristic 
the ability to cause muscular con- 
traction. The high-frecjuency cur- 
rents, on the other hand, jirobably be- 
cause the vibrations arc above the 
nerve register, produce no muscular 
contractions even with the strongest 
currents. 

There are several methods of ap- 
plying the high-frequency currents 
for therapeutic purposes, according to 
the particular action desired. In gen- 
eral, the results obtained may be 
divided into those due to constitu- 
tional effect and tho.se where the 
effect is local. For constitutional 
effects autocondensation and autocon- 
duction arc the principal methods 
used. 

Autocondensation . — In this method 
the d’Arsonval current is used, and 
the patient is placed upon a special 
chair or couch, the cushions or sup- 
porting surfaces of which have a 
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lining of metal, over which is placed a 
heavy, insulating layer. One of the 
terminals supplying the d’Arsonval 
current is connected with the metal 
lining of tlie chair or couch, and the 
other with the body of the patient, 
usually the hands. A meter is con- 
nected in series with the patient, and 
witli the more powerful currents will 
register lOGO or 2(X)0 milliampcres. 
The i)aticnt feels little or no sensa- 
tion, although vacuum tu])es -placed 
near him will be strongly illumined. 

I'or aiitocondnction no contact of 
any kind is made with the patient, 
but he sits within the sj)irals of a 
large coil of wire, the terminals of 
wdiich are connected with those sup- 
plying the d'Arsonval current ; the 
effect is similar to that of autoconden- 
sation. Til esc two forms of treat- 
ment arc most largely applied to re- 
duce high blood-pressure and for 
deficient metabolism. After appli- 
cations of from ten to thirty minutes 
there is a distinct rise in temperature, 
excretions are stimulated, and the 
blood-pressure notably reduced in 
cases of hytiertension. The static 
currents are unsuitable for tliis form 
of application, as the amperage is 
insufficient for any decided effect. 

Diathermy , or thermopenetration, sig- 
nifies the thermic effect of the cTAr- 
sonval current, which is very con- 
siderable under certain conditions. 
This also requires heavy amperage, 
for which the static current is inade- 
quate. Two metal electrodes arc ap- 
plied to the part of the body that 
requires treatment, and the current is 
increased until the desired result is 
obtained. There is little danger of 
doing harm, as the toleration of the 
patient is reached before any burn is 
produced. The effect appears to be 


purely thermic, and is applicable to 
conditions where heat is indicated. 
"By this method the penetrating ef- 
fects of heat can be produced more 
effectively than by any other method. 

High-frequency currents may be 
applied locally by means of various 
electrodes, of which the glass vacuum 
tubes have the widest range of use. 
By means of these either the d’Arson- 
val or the Gudin current may be ap- 
plied, giving both constitutional and 
local effect. The constitutional effect 
is similar but less than that produced 
by aiitocondensation, and the local 
effect varies with the type and 
strength of current used, and with 
the manner of application. With the 
electrode in contact with the skin the 
only sensation caused is that of 
warmth, the d’ Arson val current being 
the more i)cnetrating. If the vacuum 
electrode is held at a distance from 
the surface, a multitude of line sparks 
are discharged into the skin, pro- 
ducing* a sharp sensation and a 
marked byj)cremia of the cutaneous 
surface. 

From metal electrodes the sj)arks 
arc sharper and have a cauter- 
izing effect. Electrodes connected 
with the Gudin current held at some 
distance from the surface cease to 
discharge sparks, which are replaced 
by a spray-like discharge called the 
effluve. The sensation produced is 
very mild and the effect superficial 
and mildly anesthetic. 

Applications of the high-frequency 
currents, both the d’Arsonval and the 
Gudin, are of great value in the treat- 
ment of painful conditions, such as 
neuralgia, neuritis, myalgia, and ar- 
thritis; and also for many cutaneous 
affections, as eczema, ulcerations, lu- 
pus, etc. 
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Fulguration, — The cauterizing ef- 
fect of the high-frequency spark from 
pointed metal electrodes has been 
utilized for the destruction of small 
neoplasms, angiomata, etc., and has 
considerable latitude of application. 
With the d’Arsonval current bipolar 
application may be made, placing a 
large neutral electrode opposite the 
area to be treated. Unipolar appli- 
cations are less penetrating. The 
pointed electrode is held at or near 
the surface to be treated, the vitality 
of which may be rapidly destroyed. 

Tf the bipolar method is used deep 
cauterizing eflPect can be ])roduced 
with almost the same accuracy as 
with a knife. The destroyed tissue 
ultimately sloughs and the wound 
heals by granulation. The effect is 
not selective, but destroys healthy as 
well as abnormal tissue. With the 
Oudin current Icmg, heavy sparks 
may be used by bipolar application, 
giving a more superficial cauterizing 
effect. 

The term desiccation has been 
given by Clark to his method of em- 
ploying the high-frequency current 
from high-powered static machines 
for the destruction (ff tissue. With 
a carefully adju.sted current from the 
resonator, by means of sliort, rapid 
sparks from a pointed electrode, the 
effect is sufficient heat to devitalize 
but not to burn the tissues. 

Sinusoidal Currents. — In some al- 
ternating currents the transitions 
from one phase or polarity to another 
is sharp or abrupt, rendering the ef- 
fect biting and unpleasant when ap- 
plied therapeutically. An alternating 
current in which the changes in polar- 
ity are gradual has been termed the 
sinusoidal current because the graphic 
curve of the wave is similar to the 

4—28 


geometric sine curve. In therapeu- 
tics sinusoidal currents arc em])loycd 
having a potential with a inaxitnum 
of about 110 volts, and arc usually 
generated by special generators. The 
commercial alternating current can be 
utilized by means of transformers and 
controllers, but is not entirely suitable 
for this purpose. The value of this 
current in theraj)cutics depends upon 
its faculty of producing a maximum 
of muscular contractiem with a mini- 
mum of discomfort to the patient, in 
this respect resembling the static- 
wave current, d'hc sinusoidal will 
often cause contractions in muscles 
where faradism fails on acciuint of a 
partial reaction of degeneration asso- 
ciated with disease of the motor 
nerves. It may be found useful, 
therefore, in muscular paresis or pa- 
ralysis. 

Magnetic Wave Currents. — The 

magnetic field of electromagnets, 
actuated by an alternating current, 
has been utilized therapeutically, 
placing the patient between two mag- 
nets of opposite polarity. Although 
no .sensation is felt by the patient, 
this ti'eatment is said to have a gen- 
eral effect of deficient metabolism 
and reducing high blood-pressure. 

Samuel D. Incuiam, 

Philadelphia. 

ELEPHANTIASIS. -^Elephantia- 
sis arabum ; pachyderma ; elephant 
leg; Barbadoes leg. 

DEFINITION. — Elephantiasis is 
a chronic hypertrophic disease of the 
skin and underlying tissue due to ob- 
struction of the lymphatic channels 
by parasites or other causes, and re- 
sulting in enormous enlargement and 
thickening of the part, with or with- 
out papillary overgrowth. 
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SYMPTOMS. — The term *‘ele- 
phantiasis” was used by the Greeks to 
designate the malady now called lep- 
rosy. Elephantiasis gnTcorum is, 
therefore, to be distinguished from 
elephantiasis arabum. The most fre- 
quent scats of elephantiasis are the 
lower extremities, although the penis, 
scrotum, labia, and clitoris may be 
affected, and more rarely the arms, 
lips, tongue, or ears. 


heat, and pain. The condition may 
represent a dermatocellulitis, a lym- 
phangitis, or a phlebitis. After 
some days the inflammatory phenom- 
ena subside, but the affected part 
is observed to be larger than before. 
Similar attacks may recur from time 
to time, at intervals of weeks or 
months, the affected part increasing 
in size after each attack. Finally, 
a state of chronic hypertrophy is 



Elephantiasis. (Tf. K. Hunter,) 
(Glasgow Medical Journal.) 


There are two forms of the disease, 
the one, endemic, is parasitic in origin 
and indigenous to the tropics; the 
other, sporadic, is due to inflamma- 
tory obstruction of the lymphatic or 
blood- vessels and observed in various 
countries. There is also a congenital 
form of elephantiasis, which is ex- 
tremely uncommon. The tropical 
form is rare in the United States ; we 
will, therefore, restrict our descrip- 
tion to the ordinary variety. 

The disease usually begins as an 
erysipelatoid inflammation, accom- 
panied by fever, redness, swelling, 


reached, the skin and subcutaneous 
tissue arc enormously thickened, and 
the member greatly increased in di- 
ameter. 

The skin is glossy and tense and 
the deeper structures resistant and 
dense, as a result of which digital 
j)ressure produces but slight indenta- 
tion or none at all. The surface may 
be pigmented, exhibit warty excres- 
cences or thickly studded papillo- 
matous vegetations. These consist 
often of lymphatic varicosities, the 
elevations occasionally discharging a 
chylous or milky fluid. Between the 
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papillary overgrowths, fissures of 
varying cle])tlis arc ol)serve(I. 

Maceration of the epidermis and 
the collection of decomposing sweat, 
sebum, and effete products give rise 
to J^n offensive odor, i)articularly 
where hal:)its of cleanliness are not 
observed. There is, as a rule, no pain, 
although during the acute inflamma- 
tory exacerbations it may lie severe. 
The enormous weight of the hy]>er- 
tro])hied j)art may make locomotion 
difficult or even imiiossible. The 
course of the afTection is clironic. 

ETIOLOGY. — The disease is most 
common in tro])ical countries, partic- 
ularly Africa, India, China, Japan, 
West Indies, etc., where it occurs 
chiefly in those subject to bad hygiene 
and ])oor food. Damp, malarial dis- 
tricts are said to produce the largest 
number of cases. This is explicable 
upon the theory now pro])osed, that 
the mos((uito is the intermediate host 
of the filarix. The tropical form is 
due to inflammation and obstruction 
of the lymphatic vessels because of 
the Pilaria bancrofti. The parasites are 
most likely to be found in the blood 
at night ; blood examined in the morn- 
ing usually fails to show the presence 
of the filarine. They ai)])ear as trans- 
parent, ser])entine, wriggling, worm- 
like creatures in a sac or sheath. 

Sporadic cases may be due to in- 
flammatory obstruction of lymphatic 
and perhapvS other vessels, following 
repeated attacks of erysipelas, and as 
a result of cellulitis, infection from 
ulcers, syphilis, pressure of scars or 
tumors, etc. The spirochete of syph- 
ilis and tubercle bacilli are effective 
causal organisms of elephantiasis of 
the genitals due to Ivmphatic stasis. 

PATHOLOGY. — There is a hyper- 
plasia, participated in by the subcu- 


taneous tissue and all of the layers of 
the skin. The chief change is in the 
subcutaneous tissue, which is enor- 
mously hypertrophied and traversed 
])y irre.i4ular bundles of connective tis- 
sue. Where the surface of the skin 
is w^arty, the pa]nlk'e are greatly elon- 
gated. Both blood-vessels and lym- 
phatics are enormously distended, 
the latter leading to dilated lym])h- 
s])aces. The neighboring lymphatic 
glands are enlarged. In advanced 
cases the muscles undergo fatty de- 
generation and the bones enlarge. 

There are 3 distinct nhases of ele- 
phantiasis: 1. The filarial infection aiUl 
lilarial damage to the host. 2. 'fhe de- 
fense reaction of the host. 3. The post- 
defense hyperplasia of lymphatics and 
fibrous tissue. In the phase of in- 
fectivity the young worm matures in 
the lymphatics. The sheathed embryos 
of bilaria Inwcrofti appear in the super- 
ficial hlood-vcsscls at night and gather 
in the deeper structures in the day. 
This phase may continue for years. 
Albumin and casts appear in the 
urine. Nocturia and signs of early 
arteriosclerosis appear. Examination 
of the blood reveals a lymphocytosis. 

During the second stage the gland 
enlarges at the site of lodgment of 
the adult parasites. The patient suf- 
fers from chills and a fever usually 
ranging from 101 to 103° I'. The 
lymphocytosis gives way to a poly- 
morphonuclear leucocytosis of from 
16,000 to 20,000. At the end of this 
defense reaction the adult parasite 
dies and the embryo leaves the blood 
stream. The parasite plays no part in 
the elephantiasis or any other patho- 
logical process which may follow. 

In the third stage, elephantiasis fol- 
lows a simple mechanical blocking of 
the lymph spaces. It is brought about 
by the deposit in the intracellular 
spaces of chemical substances con- 
tained in the lymiih. A benign hyper- 
plasia develops, with the formation of 
ulcers and fissures. H. M. Stenhouse 
(U. S. Naval Med. Bull., Feb., 1925). 
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DIAGNOSIS. — The history of re- 
current erysipelatous inflammation, 
with slowly prof^ressin^ hypertrophy, 
is commonly noted in the sporadic 
form of elephantiasis. In advanced 
cases, particularly of the tropical va- 
riety, the apj)carances are unmistak- 
able, the enormous enlargement of 
the affected member being absolutely 
characteristic. 

PROGNOSIS. — In the beginning 
the process may at times be arrested. 
When the growth is far advanced, 
treatment accomplishes but little, 
though some surgical measures (see 
Treatment) may afford hope. Very 
severe cases may terminate fatally. 

TREATMENT. — The erysipelatous 
attacks are to be treated by rest, hot 
or cold applications, elevation of the 
affected member, and the internal ad- 
ministration of salines and quinine. 
Quinine is especially useful in ele- 
phantiasis contracted in malarial re- 
gions. Dubriel de Broglie has recom- 
mended the internal use of 30 drops 
of the tincture of ferric chloride three 
times daily. 

A marked reduction in size and 
considerable improvement in locomo- 
tion followed the use of thyroid gland 
in large doses, 35 to 40 grains (2.3 to 
3.3 Gm.), subsequently reduced to 20 
grains (1.3 Gm.) per day. This 
caused a loss in weight of 89 pounds 
from 410 pounds. G. G. Davis (Penna. 
Med. Jour., Aug., 1915). 

In spirochete cases bathing with a 
mild solution of mercury bichloride or 
sodium bicarbonate proved useful in 
relieving tension, and pads of bichlo- 
ride gauze in the irritation of fric- 
tion. For good results, curetting 
must be done until the normal sub- 
stratum is reached. Dressed with 
iodoform gauze or 1 : 2000 bichloride 
gauze, the ulcers then soon heal. 
Ravogli (Lancet-Clinic, June 17, 
1916). 


In a case of elephantiasis of the 
imlva following supposed attacks of 
influenza, the writer obtained Staphy- 
lococcus alhus by puncture of the labia 
majora. The patient having had re- 
peated attacks of lymphangitis, a pyo- 
genic origin was suspected and Del- 
bet's vaccine considered indicated. 
No filariae could be found in the blood. 
Clucyrat and Deguignand (Bull. Soc. 
frang. de derm, et de syph., No. 8, 
1921). 

Good food and hygiene, tonics, and 
change of climate are important fea- 
tures in endemic cases. Elastic com- 
pression by means of a well-applied 
rubber bandage is the most efficient 
therapeutic measure. Green soap and 
the mercurial ointments may be 
rubbed into the skin. The long-con- 
tinued use of the galvanic current has 
occasionally given good results. 

In advanced elephantiasis of the leg 
one may resort to stretching or par- 
tial exsection of the sciatic nerve, or 
digital or instrumental compression, 
or even ligation of the femoral artery. 

Elephantiasis of the scrotum is best 
treated by amputation. Various con- 
servative surgical measures have, in 
addition, been introduced. 

Case in which striking improvement 
followed angeioplasty. A number of 
stout silk threads running the whole 
length of the limb are introduced into 
the subcutaneous tissue of the swollen 
part. The threads are completely and 
permanently buried. Their capillary 
action enables them to replace the trunk 
lymphatics and to transfer the excess 
of fluid from the area of lymphatic 
edema to regions where the lymphatic 
circulation is normal, and where con- 
sequently the excess of fluid is absorbed 
and carried off into the general circula- 
tion. Handley (Lancet, Jan. 2, 1909). 

Case in which the writer restored the 
patient to active life by a combination 
and modification of Lanz and Oppel’s 
methods for diverting the course of 
the lymph by anastomosis between 
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the superficial and deep lymphatics. 

Diamond-shaped patches of skin, 15 
or 11 cm. across, were cut out of the 
thigh and calf. The subcutaneous tissue 
and aponeurosis were cut across on the 
short diameter of the diamond and 
then cut along one side line down to the 
muscle. This produced two triangular 
flaps; each was turned over and pushed 
into the space below between the layers 
of the muscle separated for the purpose 
w'ith a blunt instrument. The flaps were 
held with a few catgut stitches in the 
muscles and periosteum. The skin was 
drawn together and sutured along the 
long diameter of the diamond, thus 
exerting compression on the lymphatics 
below. Rosanow (Archiv f. klin. Qiin, 
Bd. xeix, Nu. 3, 1912). 

The writer performed Handley’s 
operation (z’ide supra) in 2 cases of 
elephantiasis of the lower extremities. 
The results were excellent. Great care 
is necessary to bring about and main- 
tain perfect asepsis as well as prolonged 
absolute rest. The best results were 
obtained with the patient whose leg was 
immobilized for two and a half months. 
Bilim-Kolosovsky (Roussky Vratch, 
April 28, 1912). 

The writer tried the methods of Lanz 
and Handley and found them useless, 
because there was in all his cases a very 
thick fascia which prevented the lymph 
communication between the mu.scles and 
the subcutaneous tissue. He therefore 
attempted to restore this continuity by 
removal of large areas of fascia. This 
was done by making long and broad 
incisions followed by the removal of 
an area of fascia corresponding. In 
6 cases the operation was attended by 
excellent results and increased use- 
fulness of limbs. E. Kondoleon 
(Zentralbl. fur Chir., July 27, 1912). 

Report on 31 cases of elephantiasis 
and 2 of lymphedema treated with the 
Kondoleon operation at the Mayo 
Clinic. An elliptical incision is made 
on 1 or both sides of the extremity 
for the removal of wide segments of 
skin and still wi-ier sections of sub- 
cutaneous tissue and aponeurosis. In 
the case of the leg, the incision is 
made on the outer side from the iliac 


crest to below the external malleolus. 
The knife then separates the skin from 
the subcutaneous tissue for an inch 
or more, and the skin is retracted to 
expose a wider area of tissue than the 
skin which is to be sacrificed. A wide 
quadrilateral strip of edematous fat 
and aponeurosis is removed cn masse, 
exposing the muscle all along the in- 
cision. The superheial and deep 
lymphatics are thus allowed com- 
munication and the limb thereby 
drained. The same operation is usu- 
ally necessary also on the opposite 
side of the leg, cither at the same time 
or in 10 days or 2 weeks. Rest in bed 
with elevation and firm bandaging 
for 2 or 3 weeks simplify the opera- 
tion. Morphine, Va grain (0.01 Gm.), 
is given before and after the opera- 
tion. The results, on the whole, were 
good. In many cases the extremity 
could be kept within normal limits 
by persistent use of bandages. Pa- 
ticiilc with repeated erysipelas had no 
recurrences of these attacks. Sis- 
trunk (So. Med. Jour., Aug., 1921). 

For the purpose of establishing 
lymphatic drainage the writer brings 
normal and affected skin into close 
contact by planting a pedunculated 
normal skin flap with its subcutane- 
ous fatty tissues into the affected site. 
This method is more effective in the 
penis or scrotum than in the lower 
extremity. In elephantiasis of the 
lower extremity, this method, to- 
gether with Kondoleon ’s method, and 
the removal of superabundant tissues, 
has given better results than any 
method now in use. 11. Kimura 
(Japan Med. World, Aug. 15, 1925). 

Almo.st perfect result of a Kondoleon 
operation done 41 years before on a 
woman, aged 48, whose work requires 
almost continuous standing. He kept 
her in bed for nearly 3 months, with 
massage, before the operation, to get 
the skin and leg ulcers into better 
condition. He prefers Kondoleon’s 
technic as no foreign body is left in 
the tissues. M. Melletti (Policlinico, 
Oct. 15, 1925). 

Jay F. Schamberg, 

Philadelphia. 
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EMBOLISM.- DEFINITION. — 

Embolism is the obstruction of some 
portion of the vascular system and 
arrest of the circulation by a plug 
conveyed in the blood-current. The 
obstructing body, which may consist 
of organic or inorganic material, is 
termed an embolus. Thrombosis and 
embolism arc often associated, a 
thrombus when dislodged from its 
position becoming an embolus, and 
the latter, by deposit of coagulum, 
growing into a thrombus. Embolism 
affects arteries and capillaries and, 
also, the portal vein on account of the 
anatomical arrangement of that ves- 
sel. The exceptional involvement by 
retrogression of other veins and of 
the lymphatics will be subsequently 
considered. 

SYMPTOMS. — In general terms 
these relate to the resulting anemia, 
necrosis, sloughing, sepsis, and abol- 
ishment of function. Mild degrees 
of embolism occasion little or no con- 
stitutional disturbance, while the lo- 
cal manifestations may be so slight 
as to render the ordinary methods of 
physical examination useless or in- 
conclusive. The symptoms are man- 
ifold, however, in the severer forms of 
obstruction, and vary according to 
the character of the embolism and of 
the vessel or structure involved. 

Cases of fatal postoperative embo- 
lism since the opening of the Mayos' 
clinic, September 30, 1889. The total 
number of deaths in the hospital for 
the period under consideration, from 
all causes, was 864, of which the fatali- 
ties from embolism were approximately 
5 per cent. The mortality from embo- 
lism, based on 63,573 operations, is 0.07 
per cent., or 1 death in every 1352 
operations. Twenty-six of the patients 
were males and 21 females, the youngest 
being 25 years of age and the oldest 72. 
Forty-one of the patients had been 


from two to thirty-five years subject 
to some form of severe chronic debili- 
tating disease. Nineteen of the fatali- 
ties occurred within the first week after 
operation, 21 more within the second 
week, 4 in the third week, and 1 each 
on the twenty-sixth, the thirtieth, and 
the sixty- fourth days, respectively. In 
36 of the cases the embolism was pul- 
monary, in 10 cerebral, and in 1 coro- 
nary. In 28 of the 41 cases posted, the 
originating thrombus was found in the 
field of operation or the femoral vein. 

From a study of his cases and of the 
literature, the writer calls attention to 
the following general considerations : 
1. Ju)ll()wing operations, particularly 
on the blood-vessels, alimentary canal, 
and genitourinary organs, from 1 to 2 
per cent, of all cases give more or less 
distinct clinical evidence of emboli, 
above 70 per cent, of which are in the 
Inngs. 2. About 10 per cent, of po.st- 
operative emboli which give clinical 
symj)toms of diagnostic significance 
cause sudden death. 3. The source of 
the emboli eau be defiuitely determined 
by autopsy as venous thrombosis in 
about 80 per cent, of the cases, as 
cardiac thrombosis in 10 per cent., while 
10 per cent, are scattering or inde- 
terminable. 4. The most important 
factors are the injury of the vascular 
walls, slowing and stagnation of the 
blood-stream, the disintegration of the 
corpuscles of the blood from toxic sub- 
stances and bacteremia. 5. Tn con- 
sideration of the above-mentioned 
factors the following precautionary 
measures suggest themselves: 1, the 
reduction of vascular traumatism to a 
minimum ; 2, the encouragement of 
very early free movement on the part 
of the patient; 3, the preoperative ad- 
ministration of drugs to increase the 
coagulability of the blood; and, 4, 
measures looking toward the reduction 
of bacteremia. L. B. Wilson (N. Y. 
Med. Jour., from Annals of Surg., 
Dec., 1912). 

One af the most common forms of 
embolism is produced by thrombi 
originating in the endocardium, in 
atheromatous patches of the aorta^ 
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and in the large veins of the pelvis 
and lower extremities. A calcareous 
or vegetative fragment from a dis- 
eased valve or intima in aortic ob- 
struction or ulcerative endocarditis is 
a frequent source. 

Equally frequent causes of embo- 
lism are fat particles from fractures of 
the bones, with laceration of the mar- 
row; from contusions of the adipose 
tissue, and from injury to various fat- 
containing organs or structures of the 
body. Other sources of embolism are 
tissue fragments, pieces of a tumor 
projecting into a vessel, pigment par- 
ticles in disorganization of the blood 
by malaria, and small hyaline masses 
occurring in burns and certain kinds 
of toxemia. Emboli may consist, 
also, of giant cells derived from bone- 
marrow and the chorionic villi, par- 
enchymatous cells from the liver, 
spleen, myocardium, and other struc- 
tures, or tumor-cells. Lastly, embo- 
lism may result from bacteria, sco- 
lices of echinococcus or other ])ara- 
sites, and from foreign bodies, such 
as air and dust. It has been claimed 
that embolism occurs more frequently 
in females than in males, and that of 
all the valvular lesions giving rise to 
it mitral stenosis is the most common. 

In the writer’.s statistics on post- 
operative embolism, interventions on 
the prostate gave the highest percent- 
age (4.2 per cent, in 356 patients). 
Absolute prevention could not be 
realized. Thrombosis of the saphen- 
ous vein is not very dangerous, lie 
consented once to a herniotomy in a 
woman only on condition of preven- 
tive simultaneous resection of both 
varicose saphenous veins. The pa- 
tient consented and died 10 days 
after operation from pulmonary em- 
bolism — ^perhaps because of this attempt 
to prevent it. De Quervain (Schweiz, 
med. Woch., May 28, 1925). 


The writer studied 21 cases of fatal 
pulmonary embolism occurring in 
12,615 operations. Necropsies in 9 
cases showed a thrombosis of the fe- 
moral vein in 4. In 1 there was a 
thrombosis of the common iliac vein 
and the inferior vena cava. In 2 cases 
a wound inspection only was allowed, 
so the condition of the femoral veins 
was undetermined. In the remaining 
2 cases, while a complete necropsy 
was performed, no existing thrombosis 
could be demonstrated. J. A. Victor 
(Annals of Surg., Aug., 1925). 

The location and distribution of 
embolism depend chiefly upon the 
source. Emboli in the general venous 
circulation usually pass through the 
right heart and lodge in some branch 
of the pulmonary artery. Those in the 
portal circulation are either arrested 
in the liver or borne to the heart and 
lungs, while those originating in the 
left heart enter the general arterial 
circulation and may be widely dis- 
tributed to the different organs of the 
body and the peripheral vessels, but 
are most frequently found in the 
spleen, kidneys, and brain. As a rule, 
emboli follow the blood-current and 
finally lodge at the bifurcation of a 
vessel or at a point where the size of 
the tube renders further progress im- 
possible, although a wSoft embolus im- 
pacted again.st a bifurcation may split 
into fragments, which enter the 
smaller branches of the artery. 

Thrombosis and embolism are most 
common after pelvic operations. Often 
pleurisy, pneumonia and pulmonary 
abscess following operation are prob- 
ably due to emboli. Large emboli al- 
most always cause speedy death by 
syncope or asphyxia; very small em- 
boli usually run a favorable course. 
Any sudden increase in pulse rate dur- 
ing convalescence, the temperature re- 
maining about normal, suggests the 
possibility of thrombosis. Dearborn 
(Ann. of Gyn<?c. and Fed., Nov., 1904). 
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In a study of embolism due to gun- 
shot injury to the carotid arteries, 
based on 14 cases, the writer found 
that embolic obstruction of even 
minor cerebral vessels may produce 
more serious effects and is more read- 
ily recognized than the blocking of 
vessels supplying small areas of the 
limb. 

It is recognized by a systolic 
arterial bruit, an arteriovenous mur- 
mur and purring thrill, a pulsating 
swelling in the course of the vessel, 
or secondary hemorrhage demanding 
surgical intervention. Makins (Lan- 
cet, Sept. 23, 1916). 

To the general rule above stated 
there are two exceptions: paradoxic 
and retrograde embolism. 

The term parodoxic embolism is ap- 
plied to the entrance into the general 
circulation of venous emboli through 
a patent foramen ovale or ductus ar- 
teriosus, or a perforated ventricular 
septum. Emboli in the lungs may be 
broken into smaller fragments — as 
often occurs in fat embolism — and, 
penetrating the pulmonary capillaries, 
enter the general circulation. 

Another variety has been termed 
retrograde embolism. In whooping* 
cough, emphysema, and other affec* 
tions of the respiratory organs in 
which the intrathoracic pressure is 
increased, with positive instead, of 
negative pressure in the large iJrra- 
thoracic veins, emboli in the form of 
tumor fragments, cellular bodies, mi- 
crobes, or other material may be car- 
ried in a direction opposite to that of 
the normal blood-current. From the 
inferior vena cava, for instance, the 
plug enters the hepatic vein and 
lodges in the liver, while the periph- 
eral veins of the body may be oc- 
cluded by emboli coursing backward 
from the right heart. In such in- 
stances there is either a reversed 


current from obstruction at the right 
auricle or successive cardiac im- 
pulses, sending the impacting body 
in a backward direction. In this con- 
nection reference can be made to an 
apparently retrograde embolism in 
the lymph-vessels, which is stated to 
be due to occlusion and dilatation of 
the vessels, with incompetent valves, 
and a consequent backward flow. An- 
other explanation is that tumor-cells 
have the power of moving in this 
direction, the result being, for in- 
stance, malignant disease of the 
lymph-glands from tumors situated 
on the distal side. 

The writer’s experiments warranted 
the following conclusions : Thrombosis 
of veins of the omentum is readily pro- 
duced by mechanical, thermal, and 
bacterial agencies. From thrombosed 
omental veins emboli may frequently 
separate, probably owing to the periodi- 
cal vasodilatation and contraction asso- 
ciated with the ingestion of food. 
Emboli from veins in the omentum 
may, under certain circumstances, be 
carried up gastric veins and become im- 
pacted in the venous plexus of the sub- 
mucous coat of the stomach, and deter- 
mine a gastric ulcer. Beyond this it is 
impossible to go at present, but these 
experimental results prompt certain 
suggestions in regard to the etiology of 
gastric and duodenal ulcers in the 
human subject which can only be de- 
cided by prolonged and extensive clini- 
cal investigation. These suggestions 
are: That the hematemesis sometimes 
met with in cases of acute appendicitis 
is due to an acute gastric ulcer result- 
ing from blockage of a gastric vein by 
a septic embolus from a thrombosed 
omental vein. That on similar lines the 
omental vessels may form the connect- 
ing link in the association of chronic 
gastric or duodenal ulcer with an in- 
flammatory process in the lower ab- 
domen. One might even go further and 
suggest that the relatively greater fre- 
quency of duodenal ulcer in the male 
is directly associated with his greater 
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liability to appendicular trouble and 
consequent involvement of the right 
border of the omentum, while the 
relatively greater frequency of ulcera- 
tion of the body of the stomach in the 
female is associated with her exjiosurc 
to pelvic inflammatory trouble which 
may occur on either side and may in- 
volve any portion of the omentum. 
The ulcers which were produced ex- 
I)erinientally were of the acute type, 
and they tended to heal up readily, for 
the animals used were healthy and 
lacked the very important factors which 
appear to determine the chronicity of 
gastric ulcers in the human subject, 
namely, the general irritability of the 
gastric mucosa and the altered secre- 
tory function of the gastric glands. 
The occurrence of embolism of veins 
in the pancreas, followed by hemor- 
rhages into the pancreatic tissue, after 
the injection of artificial emboli into 
omental veins, suggests the possibility 
of portal eiiibolisni playing a part in 
the etiology of some cases of acute 
pancreatitis. D. P. D. Wilkie (Edin- 
burgh med. Jour., May, 1911). 

Emboli may also occur in special 
locations. Embolism of the aorta, of 
the superior mesenteric artery, and of 
the spinal cord is uncommon, and, in 
many instances, does not admit of 
easy diagnosis. Emboli may lodge in 
the small intestinal arteries. More 
frequently, the lungs and brain are 
involved. The kidney is said to fur- 
nish 66 to 75 per cent, of cases, and 
the spleen is next in frequency. In 
typhoid fever 6 per cent, of the fatal- 
ities are ascribed to pulmonary in- 
farct^. 

Postoperative pulmonary embolism 
was observed in 57 out of a total of 
6871 operations in von Eisclsberg's 
service at Vienna since 1901. In 23 
cases the fatal embolism did not be- 
come infected; in 20 cases there were 
infarcts, and in 14 there were embolic- 
suppurative processes. There were 
also noted pulmonary complications 
in 263 cases, that is, 3.8 per cent., but 


of embolic nature in only 0.8 per cent. 
A laparotomy has been done in 24 
and herniotomy in 12 of the embolie 
cases. In the 23 fatal embolic eases 
death occurred in a few minutes from 
the first symptoms of the embolism in 
5 cases, while in 9 several hours 
elapsed before the fatal termination. 
In 3 the symptoms of embolism were 
observed immediately after the opera- 
tion. Kanzi (Archiv f. klin. Chir., Bd. 
Ixxxvii, Nu. 2 , 1908). 

The writer was able to find some 
primary infectious focus in every case 
of fatal pulmonary embolism from pri- 
mary venous thrombosis. In some 
cases the walls of the vein are in- 
flamed, but in others infection of the 
blood is responsible for the intra- 
vascular coagulation. Kretz (Med. 
Klinik, Oct. 10, 1909). 

Since 1899 there occurred in St. 
Luke’s Hospital 15 cases of sudden 
death following operation which have 
been attributed to pulmonary embolism. 
Such autopsies as have been performed 
have verified the condition. Special 
attention is called to three main fac- 
tors: The age of the patients — young 
individuals are more or less exempt, 
and if affected may perhaps recover 
I^resumably on account of the yielding 
elasticity of their vessels, which may 
allow the blood to push its way beside 
a clot. The age from 40 to f>0 being 
ino.st afflicted, we arc probably dealing 
with conditions of vascular changes 
over which the operator has little or 
no control. Practically all those cases 
of embolism follow interventions below 
the diaphragm and even lower. Gibson 
(Med. Record, Jan. 9, 1909). 

The mortality statistics of embolism 
of peripheral origin show a high death 
rate. Lenormant collected 233 cases 
where it had followed surgical opera- 
tions, and found that 106 (45.5 per 
cent.) ended fatally, but such statistics 
undoubtedly exaggerate the mortality, 
since they contain a disproportionate 
number of serious cases. In those of 
cardiac origin, embolism is often a 
terminal event and usually indicates the 
beginning of the end. According to 
Romberg, 36' of 43 patients with heart 
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disease in the Leipzig Clinic, in whom 
a positive diagnosis of pulmonary em- 
bolism was made, died. Three striking 
instances witnessed by the writer raised 
a question as to the frequency with 
which they are overlooked, because 
their possibility is not considered in 
making a differential diagnosis. Some 
cases must necessarily escape detection 
because they cause no symptoms ; others 
because they are terminal events occur- 
ring when the patient is already in a 
serious condition, if not in extremis, 
and the symptoms are confounded with 
those of the primary disease. The 
most characteristic symptoms arc dys- 
pnea, cough with bloody expectoration 
and pain, but the suddenness of its 
onset alone gives the first distinctive 
significance. The other two are so in- 
frequent that their absence is of little 
importance. The discovery of physical 
signs of consolidation in the lungs may 
be of assistance in diagnosis, though a 
large infarction may lead to error by 
suggesting a pneumonic process. It 
may resemble one of the following 
conditions: cardiac asthma, acute dila- 
tation of the heart, angina pectoris, 
pneumonia and pleurisy, phthisis, bron- 
chitis and neuralgia. Sears (Boston 
Med. and Surg. Jour., April 28, 1910). 

A study of 25 cases of fatal pul- 
monary embolism that occurred in the 
writer’s service in the last eight years 
showed one common factor in all, vis., 
that organs containing infectious germs 
were opened in the course of the opera- 
tion. These germs must have found 
their way into gaping veins and the 
latter been responsible for the develop- 
ment of thrombosis and subsequent em- 
bolism. J. Veit (Zentralbl, f. Gynak., 
Jan. 1, 1910). 

Embolic infarcts may occur at any 
place in the lung, irrespective of the 
primary site of the embolus. The part 
most commonly involved is the lower 
lobe. Reye (Zentralbl. f. allg. Pathol, 
u. Path. Anat., Dec. 15, 1912). 
Experiments have been reported 
which give some ground for the be- 
lief that cerebral embolism and cho- 
rea may be related as cause and effect. 


but corroborative clinical evidence is 
wanting. 

The writer witnessed 2 cases of cere- 
bral embolism neither of which pre- 
sented the characteristic symptoms. In 
the first case the man drank a cup of 
coffee, tried to stand up, and then 
learned that his left arm and leg were 
paralyzed. He did not lose conscious- 
ness at all and the paralysis soon passed 
away. For two days he ate, drank, and 
felt well. He then became unconscious 
and remained so until his death eleven 
days later. Autopsy revealed an embo- 
lism of the artery of the Sylvian fossa 
on the right side, with some softening 
of the brain. In the second case, a 
boy, 15 years old, convalescent from 
diphtheria, suddenly began to vomit 
frequently, became very pale, had facial 
spasms, finally paresis of the left side 
of the face, uttered from time to time 
a cry like the hydrocephalic cry of chil- 
dren with meningitis, and grated his 
teeth. At times he was apathetic, at 
other times restless. On the morning 
of the day of his death there was noted 
a slight facial paresis on the left side, 
vomiting, great thirst, and no paralysis 
of the limbs; he ate, drank, and slept 
well; the pupils were alike and re- 
acted promptly. Lumbar puncture 
revealed nothing pathological. That 
evening he died and the autopsy re- 
vealed an embolus of the right artery 
of the Sylvian fossa, dense, dry, and 
extending into the finer branches of 
the artery. Hippel (Med. Klinik, Jan. 
22, 1911). 

In 2 years the writers observed 12 
cases of hemorrhages affecting elec- 
tively the striate body — ^most of them 
its anterior upper part. .The internal 
and external capsules were intact. 
The hemorrhages followed embolism 
— ^usually due to endocarditis. Schwartz 
and Goldstein (Miinch. med. Woch., 
Dec. 11, 1925). 

As to the results of embolism, sud- 
den death is apt to follow the occlu- 
sion of the coronary artery or one 
of the large vessels in the lungs or 
medulla ; but a fatal termination may 
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be delayed in partial obstruction 
leading to thrombosis. The effects 
of embolism depend, therefore, upon 
the amount of obstruction, the char- 
acter of the occluded vessels, and 
the particular area involved. When 
the anastomosis of the vessels is free, 
the increase of blood-pressure and the 
dilatation of the relieving vessels on 
the proximate side of the plug com- 
pensate for the transient anemia on 
the distal side. Thrombosis occurs 
before and behind the obstruction, 
extends in both directions to the near- 
est vessels, becomes organized, and 
reduces the involved vessel to a solid 
cord. Connective-tissue proliferation 
takes place in the vessel. The same 
compensatory changes occur in capil- 
lary enil.)olism, and in both instances 
the damage inflicted is trivial, consist- 
ing only of the loss of a portion of 
the circulation. With multiple em- 
bolism, the results may be serious. 

Large emboli following abdominal 
section usually cause speedy death by 
syncope or asphyxia, but small em- 
boli usually run a favorable course. 
Thrombosis may result, (1) after a 
prolonged or severe operation; (2) as 
the result of sepsis in the wound; (3) 
without either of the above condi- 
tions. Pulmonary embolism most 
frequently results from thrombi in the 
venous system. The latter are most 
frequent in the leg, as in fractures and 
protracted fever. Emboli resulting 
from thrombosis of veins after pel- 
vic and abdominal operations come 
next in frequency. There is prac- 
tically no treatment for the severe 
cases. A careful study of the blood 
before operation, avoidance of pro- 
fuse hemorrhage during the opera- 
tion, and saline infusions after the 
operation may diminish the frequency 
of such cases. Wilmer Krusen (Amcr. 
Jour, of Obstet., April, 1906). 

Two cases, the first being one of 
thrombosis of the superior mesen- 


teric vein following operation for 
tubal abortion. She was seized with 
all the symptoms of ileus and a por- 
tion of the jejunum was resected. 
The only mechanical obstacle was an 
infarct in the intestinal wall which 
had narrowed the lumen of the bowel. 
The .symptoms were not relieved and 
autopsy revealed the extension of the 
thrombosis at the site of the resection. 
Hedlund (Hygica, Sept. 15, 1917). 

A slight edema of the inguinal region 
may indicate thrombosis of the ex- 
ternal iliac vein. Mahler’s sign (climb- 
ing pulse) is valuable, but not always 
present. Getting the patient up early 
or exercises done in bed can hardly pre- 
vent thrombosis. T. VVyder (Schweiz, 
med. Woch., Jan. 23, 1926). 

Infarction results from the occlu- 
sion of end-arteries, such as are found 
in the lungs, brain, spleen, kidneys, 
mesentery, retina, and portions of the 
heart. Anemia with necrosis may oc- 
cur, or else a transient anemia fol- 
lowed by a backward flow of venous 
blood, causing engorgement or hem- 
orrhagic infarction. The tissue in- 
volved, or infarct, is denser than the 
surrounding area, wedge-shaped, red, 
and pulpy, with the apex pointing to 
the embolus. At other times the area 
affected is of a grayish color, the 
white infarct. The shape of an infarc- 
tion is irregular when several vessels 
are blocked. These results are not 
uniform, however, in the case of 
structures supplied by end-arteries. 
Exceptions are noted when the sur- 
rounding blood-supply is free, as, for 
instance, near the root of the lung, 
whereas a striking example of the red 
infarct is found in the periphery of 
that organ. In the spleen, infarction 
is the rule, and coagulation necrosis 
is apt to occur in the kidney, although 
the affected tissue is wedge-shaped. 
In the brain and retina, necrosis with 
softening ensues. In the liver the 
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blood-supply from the hepatic artery 
suffices for a limited secretion of bile, 
even with obstruction of the entire 
portal vein. When the superior 
mesenteric atrery is involved, infarc- 
tion is the rule, while sloughing and 
hemorrhage occur. The ultimate ef- 
fect of embolism after anemia and 
necrosis is the loss of tissue by 
sloughing, cicatrization, and absorp- 
tion. 

Septic emboli, in addition to their 
mechanical effects, are the carriers of 
infection, and when disintegrated be- 
come the distributors of micro-organ- 
isms from their point of lodgment to 
the system at large. Typical exam- 
ples occur in septic endocarditis or in 
infectious embolism of the lung. Sec- 
ondary infection of bland infarcts 
may occur. Thus the so-called met- 
astatic abscesses have their origin, 
and septicemia is apt to follow. Mul- 
tiple tumor growth may be caused 
by cells brought from a tumor of like 
character located at a distance, while 
microbic action at the seat of occlu- 
sion may so affect the vessel wall as 
to produce what has been termed 
embolic or mycotic aneurism. 

Fat embolism, which probably oc- 
curs to a greater or less extent in all 
cases of bone-crushing or contusion 
of adipose tissue, may have no patho- 
logical or clinical significance. In 
mild forms the fat particles are ab- 
sorbed in the pulmonary capillaries, 
or pass through them in subdivisions, 
to be absorbed in the circulation or 
in the spleen, liver, kidney, or other 
organs. When the amount of fat is 
considerable and widely distributed, 
the most serious consequences may 
follow. In such cases there are dysp- 
nea, quickened respiration and pulse, 
and, in a word, the usual symptoms 


of respiratory obstruction, which ap- 
pear usually in from thirty-six to 
seventy-two hours. In fatal cases 
death supervenes upon cyanosis, de- 
lirium, and coma, with profound as- 
thenia. The temperature, at first sub- 
normal, may remain so or be elevated. 
The presence of fat globules in the 
urine is noteworthy and of diagnostic 
importance. Fat embolism is to be 
differentiated from shock, acute pul- 
monary and renal congestion, acute 
septicemia, and ether anesthesia. The 
prognosis is favorable after twenty- 
four hours. 

Fat embolism is due to the crushing 
of the bone-tissue forcing fat into the 
veins in the bones. The writer’s clinical 
experience indicates the importance of 
refraining from crushing the bone in 
operations. Bergemaim (Bcrl. klin. 
Woch., June 13, 1910). 

Cutting injuries of bones are liable 
to lead to fat embolism, the veins in 
the bones taking up the particles of fat. 
Mere concussiop of the bone was suffi- 
cient, however, in some cases to induce 
fat embolism by the lymphatic route, 
the lymphatics taking up the fat parti- 
cles and thus passing them along into 
the circulation. In lymphatic fat em- 
bolism prompt drainage of the thora- 
cic duct warded off danger when the 
operation was done at the first signs 
of fat embolism. Fritzsche (Deut. 
Zeit. f. Chir., Nov., 1910). 

Cases of fat embolism are reported 
only when severe and when they have 
a fatal outcome. Most of the cases fol- 
low orthopedic operations and frac- 
tures. The view is gradually gaining 
ground, however, that fat embolism is 
a much more frequent occurrence than 
formerly was supposed possible. Benc- 
stad (Norsk Magazin f. Laegevidens- 
kaben, March, 1911). 

The diagnosis of traumatic fat em- 
bolism is usually based on dyspnea, 
rise in temperature, brain disturb- 
ances and lipuria; but these symp- 
toms are seldom all present. A re- 
tarded pulse with accelerated respira- 
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tion speak strongly for fat embolism 
(Roux). Purplish spots on the skin 
of the shoulders, chest, abdomen or 
front of the thighs were noted by 
Benestad in 5 cases following frac- 
ture; by others on the mucosa and 
conjunctiva- In the lungs fat em- 
bolism may be mistaken for pneu- 
monia, and in the brain for shock or 
pressure from hemorrhage. The 
symptoms are seldom fulminating; as 
a rule in the fatal cases death does 
not occur for 5 or 6 hours, or days 
may elapse. Fat embolism may not 
develop until some time after the frac- 
ture — 2 weeks in Groube’s case. Tanton 
(Jour, de Qiir., Mar., 1914). 

Case of the so-called cerebral form 
of fat embolism. Besides the direct in- 
jury of the brain, there was greater 
damage from the toxic action of pro- 
ducts of metabolism. Necropsy of the 
previously healthy woman who had 
succumbed to fat embolism 10 days 
after a compound fracture of the bones 
of the right leg revealed typical 
uremic necrosis of the mucosa of the 
ileum, while nothing was found in 
the kidneys to indicate chronic dis- 
ease. Fat was found in the capillaries 
of all the organs of the circulation, 
especially in the kidneys. Paul and 
Windholz (Mittcil. a. d. Grenzgeb. d. 
Med. u. Chir., 38, 614, 1925). 

In 2 cases of closed fractures, fat 
emboli were found at necropsy in 
virtually all the organs; heart, lungs, 
liver, kidney, spleen, pancreas, gastro- 
intestinal tract, suprarenals, seminal 
vesicles, lymph nodes and brain. Sit- 
ing and Martin (Annals of Surg., 
Sept, 1925). 

Fat embolism after orthopedic inter- 
ventions on children was due to the 
fact that all these patients had been 
operated on before, and had been kept 
in plaster casts for a long period. The 
author notes that Lorenz tries to avoid 
redressement operations on such chil- 
dren for several months after the re- 
moval of the cast. The same applies 
to children after poliomyelitis, who 
had not been walking. The fatty de- 
generation of the bone marrow pre- 
disposes them to fat embolism. Diet- 


ing, light, cautious (!) massage and 
passive movements should always pre- 
cede surgery in such children. M. 
Schwamm (Zentralbl. f. Cliir., Feb. 13, 
1926). 

Study of 100 necropsies revealed no 
endogenous cause for the fat embo- 
lism — especially no nephritis. Slight 
traumas may be easily overlooked. 
Injections of camphorated oil may 
cause considerable accumulation of oil 
in the pulmonary capillaries. Wein- 
garten (Schweizer med. Woch., Mar. 
20, 1926). 

Air embolism may not be attended 
with serious consequences if only 
small quantities of air are admitted, 
but sudden death is not uncommon 
with the entrance of large <iuantities. 
In the latter event frothy blood is 
found in the right heart, and air- 
bubbles in the branches of the pulmo- 
nary a»*tery. Bubbles may also find 
their way into the capillaries of the 
brain and heart muscle. It should 
not be overlooked that gas in the 
blood after death may be due to Ba- 
cillus acrogencs capsulatus. The pre- 
cise cause of death in air embolism 
is not positively settled, as the results 
of experiments u]K)n animals are 
somewhat at variance with the effects 
observed in man. The usual explana- 
tion is that, owing to the resiliency 
of the contained air, the right ven- 
tricle fails to contract with sufficient 
force to propel the blood forward. As 
a consec[Udnce the left heart does not 
receive sufficient blood, aortic pres- 
sure is reduced, and death results. 
Another factor may be the sudden 
dilatation and paralysis of the ven- 
tricle. 

.There can be little doubt, as Welch 
remarks, that many of the cases re- 
ported as death from air embolism are 
based on entirely insufficient evidence. 
The researches of Welch and Nuttall, 
and later of Welch and Flexner, on the 
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Bacillus aerogcncs capsulatus made it 
very evident that in future all reports 
of air eml)()lism must show that the 
possible action of this gas-forrning 
organism was excluded. Especially in 
cases of so-called air embolism follow- 
ing uterine manipulation, the evidence, 
in most instances, favors infection 
rather than the introduction of atmos- 
pheric air. Still, all doubtful cases ex- 
cluded, there can be no question that 
the introduction of air into the veins 
does in some instances cause alarming 
symptoms and sometimes death. Edi- 
torial (Jour. Amer. Med. Assoc., April 
22, 1905). 

In a fatal case reported by the writer 
the air embolism was due to partial 
detachment of the placenta during the 
progress of the lab6r. The child was 
dead when delivered, and the mother 
died half an hour after the labor with 
all the symptoms of cardiac distress 
due to air embolism. A careful ex- 
amination of the uterus failed to dis- 
close a rupture. Apfelstedt (Zentralbl. 
f. Gynak., Nu. 17-26, 1907). 

Case in which in an attempt to pro- 
duce an abortion, quinine was insuf- 
flated into the uterine cavity through 
a soft-rubber catheter. The woman 
immediately became unconscious and 
died about fifteen hours later. Death 
was ascribed to air embolism, gaining 
entrance by way of tlie uterine sinus 
and carried to the right side of the 
heart, producing a thrombus or going 
still further by way of the pulmonary 
artery to the lungs. T. H. Flesher 
(Jour. Okla. State Med. Assoc., Jan., 
1910). 

The writer reports 2 cases of air 
embolism during labor. The first oc- 
curred in an apparently healthy woman, 
who had had one child. Her second 
confinement was normal in the first and 
second stages. She lay on her left side 
in a narrow bed, with a wire mattress, 
which was depressed in the center. She 
had a little chloroform during the later 
stages of delivery and was not turned 
upon her back until after the child had 
been born. When the uterus again con- 
tracted, the patient suddenly exclaimed 
that she was dying, became cyanosed, 


and had a general convulsive seizure. 
This passed off, and attempts were 
made to express the placenta, followed 
by uterine contraction, which caused 
another convulsion. The following 
uterine contraction produced the same 
result, the cyanosis became permanent, 
and the patient’s heart greatly dilated. 
The placenta was removed by hand and 
the uterus washed out with saline solu- 
tion. A pint of saline solution was 
introduced into a vein in the arm, and 
strychnine given hypodermically. The 
patient gradually improved and ulti- 
mately recovered. In the second case, 
the patient was a primipara and had 
always been delicate. Delivery was ac- 
complished under chloroform by for- 
ceps, the perineum being somewhat 
torn. After the child was born the 
uterine contractions produced spasm, 
with air hunger, and frequency and 
irregularity of the pulse. Attempts to 
express the placenta caused uterine con- 
tractions and a return of the spasms. 
The patient’s heart became markedly 
dilated. The placenta was removed by 
hand and the uterus irrigated with salt 
solution. No further attacks occurred, 
and recovery followed. Campbell (Brit. 
Med. Jour., Oct. 22, 1910). 

Various diagnostic and therapeutic 
procedures on the chest — puncture, ir- 
rigation of a cavity, changing tubes, 
introducing a probe or a rubber cath- 
eter, bismuth paste filling, decortica- 
tion, thoracoscopy, fat or paraffin 
plombage, pneumotomy, pneumectoniy — 
may cause complications, proved ex- 
perimentally and clinically to be caused 
by air emboli. The clinical pictures of 
these air emboli need further study by 
ophthalmoscopic, stool and urine ex- 
aminations. The best therapy is the 
preventive one. When an air embolus 
occurs, the operation should be stopped 
immediately; the head of the patient 
put low; the heart action reinforced 
with stimulants. Adrenalin injections, 
administered intravenously, will in- 
crease the amount of blood passing 
through the brain by diminishing the 
blood supply in the splanchnic areas. 
Schlaepfer (Johns Hopkins Hosp,, 
Bull., Sept., 1922). 
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Arterial air embolism is the cause 
of the “reflex” convulsions and death 
observed after intrathoracic interven- 
tions. Bleeding indicates injury of a 
vessel and contraindicates continua- 
tion of the operation. Stimulation of 
the heart and inhalation of oxygen are 
advisable. Artificial respiration is 
contraindicated. Naegeli (.Schweizer 
med. Woch., May 28, 1925). 

A few^ small bubbles of air injected 
into a vein at a slow rate are appar- 
ently harmless, and the same also ap- 
pears to apply to a small continuous 
column of air, judging from the re- 
sults of the writer’s experiments. In 
1 experiment, 24 ounces of air was 
sufficient to produce the death of a 
bull weighing approximately 500 
pounds, so that a man weighing from 
140 to 154 pounds would proportion- 
ately take about 6 or 7 ounces as the 
lethal dose. D’Abreu (Indian Med. 
Gaz., Sept, 1925). 

Foreign Bodies. — Dust particles 
and other substances, after entering 
the lung in respiration and penetrat- 
ing the tissues, are borne by phago- 
cytes to the bronchial lymph-glands, 
and thence, after the disintegration of 
the gland, into the eflFerent lymph- 
ducts and the blood-vessels. The 
gland may rupture into the adjacent 
veins. In other instances the foreign 
bodies penetrate into the blood-ves- 
sels. They may lodge in the liver, 
spleen, bone-marrow, and other struc- 
tures, or, taken up by wandering 
cells, be discharged from the lungs, 
tonsils, intestinal lymphatics, or in 
the bile. 

TREATMENT. — Shock is to be 
combated by the usual measures. The 
patient should be placed at rest and 
the circulation equalized, and, as far 
as possible, coexisting disorders recti- 
fied. 

Efforts should be directed toward 
the maintenance of heat and nutrition 
to the structures involved; second- 


ary inflammatory or septic processes 
should be controlled on well-estab- 
lished ])rinciples. Stimulants, tonics, 
and hematics will often be recpiired. 

Digitalis to sustain the heart action 
and its propulsive power is very use- 
ful. Hypodermoclysis or, better, in- 
travenous injections of saline solution 
have been very efficient. 

In embolism of arteries which can 
be reached, especially those of the ex- 
tremities, arteriotomy and removal of 
the embolus often prove successful. 

Case of embolism of the axillary 
artery consecutive to a chronic endo- 
carditis in which gangrene of the fore- 
arm ensued, necessitating disarticula- 
tion at the shoulder, which was done 
after the oval flap method of Larrey. 
Sherwood (N. H. Lancet, Oct. 15, 1904). 

Case of removal of an embolus from 
the common iliac artery, with re-estab- 
lifchment of circulation. In cases of 
aseptic embolism immediate removal by 
division of the artery at the line of 
the embolism or below it should l)e 
resorted to. These emboli produce 
mere mechanical obstruction, and the 
circulation is at once re-established by 
their removal. The symptoms which 
indicate the occlusion of a large artery 
are pain, ischemia of the limb, cooling 
of the surface, and absence of pulsa- 
tion in the arterial trunk. The number 
of hours that may elapse before a tissue 
becomes incapable of restoration has 
not been definitely determined, but 
from the length of time a constrictor 
may be kept on a limb for the suppres- 
sion of hemorrhage and the vitality of 
the limb restored, we know that many 
hours of complete suppression of the 
circulation is not incompatible with 
restoration of the life of the tissues. 
In the removal of septic infarcts there 
is little to be gained in a practical way, 
as they are usually multiple. Murphy 
(Joui*. Amer. Med. Assoc., May 22, 
1909). 

Only aseptic cases should be operated 
on, while the operation should be 
quickly carried out. The subject should 
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be young and free from general 
arterial disorder, and the seat of the 
embolism be readily accessible. Mas- 
sage of the involved artery has re- 
cently been productive of good results 
in a fevi^ cases, but its range of use- 
fulness is limited because it must be 
practised within a few minutes after 
embolism. Mosny and Domont (Bull, 
de I’Acad. de med., Dec. 10, 1911). 

Case of a man who had had symp- 
toms suggesting a tendency to aortic 
aneurism and been treated for syph- 
ilis, and who suddenly developed 
severe pain and paralysis of the right 
arm. At operation an embolus 4 
centimeters long was found in the 
axillary artery just below the orifice 
of the inferior scapular. Successful 
cmbolectomy was performed through 
a cm. incision in the artery, com- 
plete recovery following. Sencert and 
Blum (Bull, de I’Acad. de med., July 
25, 1922). 

Embolectomy in a young man with 
heart disease, 24 hours after the first 
symptoms, resulted in complete res- 
toration of the circulation. The oc- 
cluding embolus, 3 cm. long, was 
lodged in the right femoral artery at 
the origin of the profunda. Aleman 
(Acta Chir. Scandinavica, Mar. 21, 
1925). 

Embolectomy done 5 hours after the 
onset in a woman, aged 82, with heart 
disease and hemiplegia. The relief 
from pain was immediate, and gan- 
grene was probably averted. Ampu- 
tation was required later in another 
case and the attempted embolectomy 
failed in the third case. Necropsy re- 
vealed a second embolus that had 
escaped detection. Torell (Acta Chir. 
Scandinavica, May 20, 1925). 

,The writer adds 2 new cases to 62 
he has collected from the literature, 
with very good results in 33 per cent, 
of the cases. Soderlund (Acta Chir. 
Scandinavica, June 30, 1925). 

Case in which an embolus was re- 
moved from the axillary artery in a 
man with a failing heart. The incision 
of the artery and extraction of the 
embolus under local anesthesia brought 
complete restoration of the circula- 


tion, demonstrated by the arterial 
pressure and the oscillometer findings. 
Lian and Moure (Presse med., Sept. 
23, 1925). 

Under local anesthesia the writer 
removed an embolus about inch 
(22 mm.) long and weighing 27 
grains (1.8 Gm.) from the common fe- 
moral artery of a man, aged 65. The 
embolus was lodged at the bifurcation 
of the common femoral and for ^ 
inch (19 mm.) above it. The result 
was a perfect one in every way. 
MacDougall (Can. Med. Assoc. Jour., 
Mar., 1926). 

Even the pulmonary artery should 
be opened in an otherwise doomed 
patient and Trendelenburg’s technique 
employed, when the conditions are 
favorable for operation. The thorax 
is opened l)y a transverse incision 
over the second rib and a vertical in- 
cision made over the left sternal bor- 
der. The triangular flap thus ob- 
tained is pulled back and a piece 10 
to 12 cm. long of the second rib next 
to the sternum resected. If more 
than forty-five seconds are needed to 
compress and open the artery, it may 
be clamped laterally, the compression 
loosened and the blood-stream let 
through, and again compressed, etc., 
and the search for emboli continued. 
In most cases fifteen minutes are 
available. The embolus can be ex- 
tracted through a very small opening 
in the artery. 

Of 878 fatalities among the 9727 
patients in Korte’s surgical service at 
Berlin during the last four years, 22 
of the deaths occurred suddenly and the 
symptoms indicated pulmonary embo- 
lism. The Trendelenburg operation is 
indicated when the conditions are fav- 
orable for immediate operation. In 10 
of the cases the syndrome of the 
embolism persisted from ten minutes to 
three hours before the fatal termina- 
tion. Autopsy revealed embolism in 6 
and conditions would have been favor- 
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able for operative intervention In 5 
cases. In 4 others the assumed embo- 
lism did not exist ; these 4 patien s were 
about 50 and 70, and were bcinji treated 
for a broken arm or femur or ovarian 
cyst, with no threatening symptoms of 
heart trouble. A syndrome eharacteri.s- 
tic of pulmonary embolism suddenly 
developed in the midst of apparently 
complete well-being-, and death followed 
in from ten to thirty minutes and 
autopsy disclosed merely brown atrophy 
or fatty degeneration of the heart. The 
writer advocates, in case of the onset of 
the embolism syndrome, morphine to 
tranquilize the respiration, then a prep- 
aration of digitalis injected into a vein 
while all is made ready for an opera- 
tion, which follows if these meas- 
ures fail to improve, unless contrain- 
dicated by general condition. Busch 
(Deut. med. Woch., July 22, 1909). 

The writer found, by numerous ex- 
periments on the cadaver, that Tren- 
delenburg’s operation to expose the 
pulmonary artery to remove an em- 
bolus is entirely practicable from the 
anatomical standpoint, although none 
of the 5 patierts thus operated on 
was permanently cured. In 55 cases 
of embolus in the pulmonary artery 
which he had encountered during the 
last 6000 necropsies, the embolism 
followed operations on the trunk or 
legs in 6 of the 35 cases of which the 
details are known; it followed injuries 
of the legs in 3 others, varicose dis- 
turbances in the legs in 7, anemia and 
cachexia in S, and it occurred with a 
heart defect in 3. In only 6 cases was 
the diagnosis of pulmonary embolism 
made during life, and in these cases 
the embolism proved rapidly fatal. 
In all the others there was an in- 
terval of from half an hour to 
forty-eight hours between the onset 
of the symptoms of embolism and the 
fatal termination. An interval of from 
three to six hours was the rule, and it 
is probable that the embolus gradually 
increased in size or that the embolism 
occurred in waves. This is evidenced 
by the transient improvement under 
camphor, and the discovery in the 
smaller arteries at necropsy of minute 
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emboli evidently older than the big one 
that proved fatal. The data s1u)nv thus 
that the duignosed embolism proved too 
rapidl}" fatal for any operative inter\eii- 
tion, and that in the cases with a sufTi- 
ciciitly long interval for (operative inter- 
ference to ha\e bteii success fnl, the 
nature of the distnrliances had not been 
recognized. 'Idle embolus was generally 
located m the main trunk of the artery 
or one of its thief branches, and 
from the pathologic- anatoniit standpoint 
might easily ha\e been removed. The 
great (hniculty therefore in the way of 
successful operative treatment of iml- 
monary embolism is the failure to 
recognize it in time. Bloody sputum at 
the beginning of the disturbanees is an 
almost constant symptom. Ritzmann 
(Berl. klin. Woch., July 17, 1911). 

In fat embolism of bone surgery 
the writer advises a complete stop- 
page of the circulation during and for 
a short time after the operation. The 
tourniquet can be left on for j/j hour 
at a time. Ryerson (jour. Amer. 
Med. Assoc., Aug. 26, 1916). 

In air and fat embolisms the intra- 
venous injection of warm saline solu- 
tion supplemented hy hypodermo- 
clysis has been found very effective. 
4'hc explanation of this acti<3n is that 
the fat and air globules are broken up 
and washed along”. 

Ill his experimental exiierienccs with 
air embolism, the writer found that the 
heart was unable to contract over air 
as the valves are meant to act on fluids 
and not on air. -After the liearl action 
had ceased after injection of air in 
the jugular vein, he was able to revive 
it again by direct injection of 0.5 per 
cent, saline solution directly into the 
right ventricle. Recent publications 
have shown that these facts may be 
employed in the saving of life. Schantz, 
for example, has recently reported good 
results ill cases of fat emboli, from sub- 
cutaneous and intravenous infusions 
of saline solutions. L. von Lesser 
(Zeiitralbl. f. Chir., Feb. 26, 1910). 

[In view' of the fact that death practically 
always occurs in embolism in important 
29 
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vessels which cannot be reached, saline solu- 
tion should be introduced intravenously in 
all forms of embolism. Duncan and I liman 
(New York Medical Journal, Dec. 21, 1907) 
showed that mixing of the body juices with 
blood was the predominating factor in the 
production of thrombi portions of which 
may constitute emboli. If now we recall that 
the body i)rocesses contain coagulating fer- 
ment and other substances capable of promot- 
ing coagulation, it will be seen that by 
rapidly increasing the osmotic properties of 
the blood, as is done with saline solution, 
and thereby facilitating the passage of detritus 
and broken-up emboli into the lymphatic 
system, much will have been done to save a 
given case. Ed.] 

Much can be done to prevent the 
formation of embolisms. This fea- 
ture is so completely and satisfac- 
torily covered in a paper by Hug-h 
Crouse (Surg-ery, Gynecolog^y, and 
Obstetrics, Dec., L.W) that the fol- 
lowing quotation is borrowed there- 
from, even though it refers to both 
thrombosis and embolism: — 

*Tn general the treatment of the 
thrombi and emboli should be pro- 
phylactic, if possible. In Archiv fiir 
Gyn., 1908, vol. Ivi, page 218, Singer 
says that thrombi are indicated in 
surgical cases by a pulse acceleration, 
unaccompanied by fever, several days 
before edema and cord-like vessels 
occur, and that the pulse rate remains 
high after the temperature returns to 
normal. Wyder, Richter, and Muhler 
concur in this opinion, which is op- 
posed by Clarke. Richter (Arch, fiir 
Gyn., vol. Ixxiv, page 1) says that in 
63 per cent, of his cases the pulse rate 
warned him of the thrombotic de- 
velopment, and that in 34 per cent, he 
had doubt because of the synchron- 
ous fever. Wyder says he no longer 
undertakes a serious gynecological 
operation, where edema and a high 
pulse rate or other signs of a recent 


thrombi are present provided the 
general condition sanctions operative 
postponement. Tabor Johnson says, 
in operating, one should protect the 
wound from injury by retractors, 
avoid roughness, much hemorrhage, 
retain patient in bed longer, and aid 
venous return by elevating the foot 
of the bed immediately after opera- 
tion. Boise advocates a careful ex- 
amination of the heart in all contem- 
plated operative cases, and says: Tf 
the area of dullness is somewhat in- 
creased, if the first sound is dispro- 
portionately weak, if after exertion 
the pulse rate is greatly increased, 
due allowance being made for exist- 
ing anemia, if there is a history of 
chronic exhausting disease, we may 
justly diagnose heart degeneration, 
whether we detect any atheroma of 
the peripheral arteries or not ; and, if 
coupled with these points, a blood 
test shows an excess of calcium salts 
with chronic anemia, we arc justihed 
in taking all possible precautions 
against the occurrence of emboli.’ 
Krusen advocates blood test for cal- 
cium salt excess, for Icucocytosis, and 
the presence of blood-plates. Tf an 
excess of calcium salts be found, 
Wright and Knapp, seconded by 
Duncan and Illman, Boise and Kru- 
sen advocate the use of 36 grains — 
2.3 Gm. — of citric acid, f. i. d.; alcohol 
and large quantities of water. Rich- 
ards advocates tobacco smoking. 
Idoward, alcohol, oxygen, liquid, and 
fruit juices. Mayos, Murphy, Ries, 
Boldt, Chanler, Gordon, Currier, and 
B>rothers advocate as a prophylactic 
agent the early getting up of the pa- 
tient, upon the theory that the heart 
contractions are less vigorous in a re- 
cumbent posture; that the residual 
blood from insufficient ventricular 
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action is peculiarly liable to ccaj^ula- 
tion. All of which is in part avoided 
by the upright position and physical 
exertion. Bosher says the treatment 
of the thrombophlebitis is largely 
negative, consists of rests, elevation, 
and cotton bandaging. Patient not to 
be allowed to make much muscular 
effort for some time, when it does 
occur, until after the complete subsid- 
ence of all local symptoms. Avoid 
digitalis; recommends the wearing of 
elastic stockings for quite a time.” 

[Very few cases of embolism would occur 
were saline solution enteroclysis used more 
frequently, after cleaning out the intestine. 
That deficient osmosis has much to do with 
the pathogenesis of this condition is em- 
phasized by many physiological and clinical 
facts. Editors.] 

William S. GoimoN, 

Richmond, Va. 

EMETINE is an alkaloid obtained 
from Ccphaclis ipecacuanha (ipecac). 
Its chemical formula is Ci 4 nis~ 
(Cll.-ONOo, and it is a methyl deriv- 
ative of cephaeline, another alkaloid 
found in the same plant. It is chiefly 
employed as emetine hydrochloride, 
which occurs as a white, crystalline 
powder, soluble in water and alcohol ; 
less often as the hydrobromide, which 
is less soluble, at least 2 c.c. of water 
being required to dissolve a full dose 
of the salt (Rogers). 

The term emetine is sometimes 
also taken — and until the work of 
Paul and Cownley in 1901 was taken 
exclusively — to signify a mixture of 
the alkaloids of ipecac, viz., cephae- 
line, emetine, and psychotrine, which 
formerly were not clearly distin- 
guished. This mixture of alkaloids 
occurs as an amorphous, whitish pow- 
der, which has a slightly bitter, 
acrid taste, darkens on exposure, and 


is only very slightly soluble in water, 
though more soluble in ether and 
especially in alcohol and chloroform. 

PREPARATIONS AND DOSE. 
— The hydrochloride or hydrohro- 
mide of the true alkaloid emetine 
may he given hy])odermically in 
amebic dysentery in doses of to 
grain (0.02 to 0.04 Gm.). 44ie ex- 
pectorant (lose of emetine hydro- 
chloride is lio h) grain (0.005 to 
0.01 Gm. ). A solution of emetine 
can be safely boiled for a short time, 
but it is probably best to boil the 
water first and subsequently dissolve 
the drug in it. Rogers found that 
emetine hydrochloride could be given 
intravenously in full doses without 
causing dcqiression. Kmctine is official 
as Hmctinac hydrochloridnm, LI. S. P. 

The alkaloidal mixture “emetine” 
is emetic in doses of to % grain 
(0.005 to 0.01 (hn.) and its dose as 
an expectorant is %o to grain 
(0.001 to 0.002 Gm.). 

PHYSIOLOGICAL ACTION.— 
44ie mixed “emetine” is possessed c^f 
stnnig local irritant properties, and, 
when ingested, produces an abundant 
flow of saliva, owing to its bitter, 
acrid taste, followed by nausea and 
vomiting similar to that brought on 
by the whole drug ipecac. Like most 
other emetic drugs, “emetine” in 
small doses lends to increase the se- 
cretions of the tracheal and bronchial 
mucous membrane and induce per- 
spiration. It is said to stimulate the 
liver. Administered hypodermically 
in large doses it causes not only vomit- 
ing, but also later diarrhea, which 
may be accomi)anied by .so much 
irritation of the intestinal tract that 
blood appears in the stools. Albu- 
minuria, cardiac depression, edema 
of the lungs, collapse and death are 
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the ultimate effects of poisonous 
doses. Lar^e doses directly depress 
the heart, thou^^h small, therapeutic 
doses produce no evident action of 
this nature beyond an occasional re- 
duction of the tension of the pulse. 
The dru^ is said, by reason of the 
cephaelinc contained in it, to have a 
tendency to dissolve the red cor- 
puscles when injected intravenously. 

The true alkaloid emetine is much 
weaker as an emetic tlian cephaelinc 
(Lowin), and is therefore, for pur- 
poses in which the emetic action is 
not desired, superior to the mixture 
'‘emetine,” which contains cephaelinc. 
It is an irritant to mucous mem- 
branes, like cephaelinc, l)Ut this does 
not preclude its hypodermic use. It 
is a better expectorant, according to 
Lowin, than the allied alkaloid, ceph- 
aeline, and is less likely to irritate 
the kidneys. Experimentally, it has 
proven more depressing to the heart 
than cephaelinc, though Rogers has 
found it practicable to give doses as 
large as 1 grain (0.06) hypodermically 
or intravenously in man without 
causing circulatory depression. 

The subcutaneous injection of eme- 
tine and its salts almost invariably 
gives rise to severe local pain and 
tenderness, followed or accompanied 
by redness, swelling and deep indura- 
tion which often makes muscular 
movement agonizing. If the solu- 
tions are injected deeply intramus- 
cularly into the deltoids or gluteals 
all pain is avoided, while occasionally 
there is some slight tenderness for 
24 hours at the site of injection. The 
injections can be given into alternate 
arms daily without any difficulty, the 
same site being used repeatedly at in- 
tervals of 48 hours. P. Figdor (Lan- 
cet, Aug. 18, 1917). 

Maurel, injecting emetine hydro- 
chloride into frogs, observed a con- 


traction of the vessels in their inter- 
digital webs and concluded that the 
substance is a vasoconstrictor. In 
the congestive zone surrounding a 
wound he found that it overcame 
vascular dilatation and reduced the 
degree of inflammation. This ac- 
counts, according to Maurel, for the 
results obtained clinically with ipecac 
in affections accompanied by conges- 
tion, notably in the digestive and 
respiratory systems. The same fact 
might also explain the well-known 
paradoxical antemetic effect of small 
doses of ipecac. 

In entamebiasis emetine acts only 
through the circulation, and can in- 
fluence only entamebas in the tissues. 
When given l)y mouth, even, it failed 
to attack amebas in the lumen of the 
gut. Relapses arc due to survival of 
entamel)as through encystment in the 
walls of the intestine. Lyons (Amer. 
Jour. Med. Sci., July, 1915). 

Emetine depresses and may eventu- 
ally paralyze the heart; it is a power- 
ful gastro-intestinal irritant, given 
either by mouth or subcutaneously; it 
causes definite derangement of metab- 
olism, characterized by an increase in 
nitrogen loss and acidosis; while in 
normal persons who receive moderate 
doses these effects may not be of im- 
portance, in pathological states of the 
circulation, intestinal tract or metab- 
olism, they may be a definite source 
of danger. Fellini and Wallace 
(Amer. Jour. Med. Sci., Sept., 1916). 

In excessive do.ses emetine de- 
presses both the central nervous sys- 
tem and the heart. Death, where it 
occurs, takes place from respiratory 
arrest. 

Several instances in which the pro- 
longed use of emetine in apparently 
harmless doses led to toxic symp- 
toms. In cats and rabbits repeated 
administration of subtoxic doses in- 
variably led to cumulation with diar- 
rhea, lethargy, somnolence, and even 
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coma. Post mortem the animals showed 
intestinal irritation with lesions in the 
kidneys and liver. Use of emetine 
beyond absolute needs is unwise. H. 
H. Dale (Brit. Med. Jour., Dec. 18, 
1915). 

In the treatment of 142 cases of end- 
amebic dysentery emetine hydro- 
chloride gave rise to toxic effects 
somewhat analogous to those of sal- 
varsan in syphilis. In the 2 fatal cases 
there was (1) inability to swallow 
after food had reached the esophagus, 
(2) hepatization of the lungs, and (3> 
rapid and uncontrolled action of the 
heart. Both patients showed, at first, 
a general motor weakness, with a 
tendency for the head to fall forward. 
One case showed decided cardiac 
signs. These cases had received in 
all 23 and 25 grains (1.52 to 1.62 
Gm.). In 5 other cases similar un- 
toward symptoms disappeared promptly 
upon withdrawal. Johnson and Murphy 
(Military Surgeon, Jan., 1917), 

Experiments on dogs showed that 
emetine hydrochloride gave rise to 
congestion and slight parenchymatous 
degeneration of the kidneys. While 
in one dog the drug produced hemor- 
rhages at the sites of injection and 
between the layers of the renal cap- 
sule, and at the site of injection in an- 
other dog, in no case did its irritant 
action extend to the parenchyma of 
the kidneys, although it was admin- 
istered in a quantity that, when injected 
daily, eventually caused the death of 
the animals. De la Paz and Monte- 
negro (Philippine Jour, of Sci., Jan,, 
1918). 

Injecting large doses of emetine hy- 
drochloride into animals, the writer ob- 
served evidences of its excretion into 
the alimentary tract, consisting of dif- 
fuse inflammation of the intestinal 
mucosa, mucopurulent discharge, areas 
of hemorrhage, and even ulceration. 
Hemorrhages were also found in the 
lymph-nodes, spleen, and kidneys. Peri- 
pheral neuritis, weakened heart action, 
and fall of blood-pressure were also 
witnessed. Clinically, the toxic and 
cumulative properties of the drug 
should be borne in mind. One grain 


(0.06 Gm.) subcutaneously every day 
for 12 days will cure most cases of 
amebic dysentery. Chopra and Ghosh 
(Indian Med. Gaz., July, 1922). 

A fatal case of polyneuritis follow- 
ing daily injections of 0.06- to 0.09 Gm. 
of emetine for about 2 weeks in a 
woman of 37 was observed hy the 
writer. The total of emetine given 
was 1.05 Gm. (16 grains). A week 
later the nerves of the extremities 
and vagi became affected, the pulse 
rate rose to 140, and signs of bulbar 
involvement ultimately apix;ared. Soca 
(Bull. Soc. med. des hop. de Paris, May 
18, 1922). 

THERAPEUTICS.— The mixture 
of alkaloids incorrectly termed “eme- 
tine” is rarely employed, as it has no 
advantage as an expectorant or 
emetic over the ordinary prei)arations 
of ipecac and is far more costly. Very 
small do.'>cs can be used, however, in 
the early stages of bronchitis, and 
the drug is said to be of value in 
diarrhea in the minute dose of %oo 
grain (0.0002 Gm.). 

The true alkaloid emetine was 
shown by Vedder, of the United Stales 
Army, to possess a. powerful destructive 
action on an ameba presumed to 
be the parasite of tropical dysentery. 
Further tests by Wherry and by 
Leonard Rogers, of Calcutta, only 
served to confirm this discovery, and 
the last-named observer, to his en- 
during credit, put this finding to 
practical use in the treatment of 
severe cases of amebic dysentery, 
with very gratifying results. 

The writer tentatively gave two %- 
grain (0.021 Gm.) tabloids of emetine 
hydrochloride by the mouth on an 
empty stomach, allowing no food or 
water for three hours before and after 
it, and found that the drug is gener- 
ally retained, or if any vomiting oc- 
curs it is not until after several hours, 
when most, ati any rate, of the dose 
has been absorbed. It is thus far 
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easier to administer, and much better 
retained, than an equivalent amount 
of ipecacuanha powder. Several cases 
of fairly mild amebic dysentery were 
cured within four days by this method, 
although it is less rapid and lasting in 
its effects than by hypodermic use; 
for in 1 case a relapse occurred after 
a few days, which was quickly cured 
by injections of the emetine salt. 
Leonard Rogers (Therap. Gaz., Dec., 
1912). 

Emetine is too toxic to be tolerated 
in any but absolutely minimal doses, 
according to some authors. The 
writer’s experience, however, has been 
otherwise. For the past 2 years or 
more he has always given emetine 
intravenously, unless contraindicated 
by the age of the patient, i.e., in the 
very young where the veins cannot be 
easily found, in a dose of 1 grain (0.06 
Gm.) in 1 c.c. (16 minims) of distilled 
water on alternate days. He gave 6 to 12 
injections. No ill effects followed this 
routine procedure. Vasavada (Indian 
Med. Gaz., Sept., 1924). 

The superiority of emetine over the 
whole drug, ipecacuanha, is well 
shown in the following table, repre- 
senting the results noted by Rogers 
in two series of cases — one com- 
prising 30 patients treated with 
ipecac and the second including 25 
patients treated with alkaloid: — 

Cases Cases 
treated treated 
with with 
ipecac, emetine. 

Died within three days after 


admission 4 2 

Died after three days 7 — 

Died of other disorders 
(heatstroke and cancrum 
oris) after cure of dysen- 
tery — 2 

Discharged in very bad con- 
dition 2 — 

Discharged not cured 4 — 

Discharged cured 13 21 

Average number of days 
spent in hospital by cured 
cases 16.4 7.2 


Cases Cases 

treated treated 
with with 
ipecac, emetine. 

Average number of days be- 


fore stools returned to 

normal 11.4 2.35 

Average amount of drug 
given before stools became 
normal 406 gr. 2 gr. 


The 2 grains (0.13 Gm.) of emetine 
referred to in the last column repre- 
sent an amount of alkaloid equiva- 
lent to only 180 grains (12 Gm.) of 
powdered ipecacuanha — additional evi- 
dence of the high relative efficiency 
of emetine. The drug so rapidly kills 
off the amebse that apj)arently mori- 
bund patients can often be brought 
through safely. 

The blood and mucus nearly al- 
ways finally disappear from the stcxils 
of an amebic dysentery patient with- 
in two or three days, four days be- 
ing the longest period the author has 
met with. In bacillary dysentery, on 
the contrary, the drug exerts little or 
no effect, so that failure of injections 
of emetine salts to produce a very 
material improvement in the stools 
within two or three days affords very 
strong evidence that the disease is 
not amebic in origin. The amebtT 
disappear from the stools in twenty- 
four to forty-eight hours after eme- 
tine injections are begun; so the para- 
site should always be sought fof be- 
fore the drug is administered. ,The 
author has never seen any harm re- 
sult from the new treatment in bacil- 
lary cases; so it can safely be used 
for diagnostic purposes. 

Leucocytosis of from 25, (XX) to 
50,000 or even more is common in 
amebic disease, and furnishes impor- 
tant prognostic information. Of 10 
cases with such high white-corpus- 
cle counts in which ipecacuanha was 
given, only 2 recovered, while 4 died 
in the hospital and 4 were taken away 
uncured, 3 in a bad condition. On 
the other hand, under the emetine 
treatment 4 out of 5 similar cases 
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were rapidly cured, the one fatal case 
showing a count of 61,750 leucocytes, 
and dying in less than twenty- 
four hours after admission. Leonard 
Rogers (Therap. Gaz., Dec., 1912). 

Case of amebic dysentery of over a 
year’s standing and suffering from 
recurrent attacks every two or three 
months. In a period of eight days 
the patient was given 0.3 Gni. (5 
grains) of emetine hydrochloride sub- 
cutaneously; on each of the two suc- 
ceeding days he was given a rectal in- 
jection of 0.12 Gni. (2 grains) each; 
finally he received one more sub- 
cutaneous injection of 0.06 Cm. (1 
grain). Under this treatment the 
number of stools per diem fell from 
10 to 2. A few ameba* could, how- 
ever, still be found. Dufour and 
Thiers (Soc. mcd. des hop. de Paris, 
April 11, 1913). 

Case of a man, aged 46, who had 
been suffering from amebic dysentery 
for five years, having had an hepatic 
al)scess, which was relieved by opera- 
tion, and who had finally become re- 
duced to a state bordering on ca- 
chexia. Twelve to fourteen stools, 
containing mucus and blood, were 
passed daily, and there was an 
eosinophilia of 10 per cent. Emetine 
hydrochloride was given in the dose 
of 0.04 Gni. (% grain) once daily for 
a week. Abdominal pain disappeared, 
and the stools were reduced to 4 and 
became free of ameb^e. The eosino- 
philia, however, persisted and during 
the succeeding nine days the sto<^ls 
increased to eight or ten, with blood, 
mucus and aniebaj; abdominal tender- 
ness returned, and the previous sub- 
jective improvement disappeared. 
More energetic treatment was then 
given, 0.08 Gm. (1J4 grain) of emetine 
being injected daily for a week, then 
0.04 Gm. (% grain) for four days 
more. By the time the last injection 
had been given there was but one 
pasty stool a day, the amebae and 
eosinophilia had disappeared and con- 
siderable subject! '^e betterment had 
occurred, though the patient’s ap- 
pearance remained practically the 
same and no gain in weight had been 


noted. The outstanding features of 
the case were the length of treatment 
required and the amount of drug in- 
jected — 1 (bn. (15M> grains), — which 
was well ])orne. E. J(d) and L. Levy. 

Another author refers to the case 
of a man who had contracted amebic 
dysentery in Morm'co, and upon his 
return to I'rance had been passing 
seven or eight stools daily. These, 
though very soft, were not of the 
dysenteric type, being free of bloody 
mucus and of ameh.e. 'j’here was nt) 
colic or tenesmus, and the condition 
was undoubtedly due to a chronic 
enteritis. Emetine treatment gave no 
result, showing that the remedy can- 
not be counted on to relieve non- 
amebic intestinal disorders, even 
where these follow amebiasi.s. T>op- 
ter (Soc. med. des hop. de Paris, 
May, 1913). 

In preynant and menstruating zvomcn 
a grain (0.03 Gm.) daily dose of 
eiijeiirie is the maximum safe amount. 
Even the effect of these doses should 
be carefully watched, and no more 
injected than is reijuired to kill 
the amel>a‘ in the stools, all ques- 
tion of a complete cure being set 
aside until after delivery. It appears 
to be advisable not to give emetine 
during menstruation. Chalmers and 
Papatheodorou (Jour, of Trup. Med. 
and Hygiene, July 15, 1915). 

An emulsion of cnielinc bismuth 
iodide in liquid paraffin gives much 
better clinical results than salol-coated 
pills. Of 63 cases given a 12 days’ 
course of 36 grains (2.3 (jin.), only 
12.7 per cent, relapsed, as against 45.1 
per cent, after the pills in 26 cases. 
Injections of emetine hydrochloride 
proved very useful in cases where the 
preceding treatment could not be tol- 
erated, 3 out of 5 cases being cured 
by 12 1 -grain (0.06 Gm.) injections. 
Juppes (Jour. Roy. Army Med. Corps, 
June, 1921). 

The beneficial effect of emetine in 
amebiasis is pronounced and prompt. 
That the amebae may be all killed 
by emetine so that no relapse will 
occur, has not been established, but 
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Rogers observed that in patients who 
died for any reason (gangrene of the 
cecum; numerous small liver ab- 
scesses) after emetine treatment, no 
amebae whatever could be detected in 
the intestines or liver. 

A very severe attack of amebic 
dysentery cleared up as a result of 
two injections of grain (0.032 Gm.) 
of emetine 1 ydrochloride on each of 
three successive days. The patient 
returned three weeks after leaving 
hospital suffering from diarrhea, but 
without amebae in the stools, and 
died in three days, left basal pneu- 
monia being found post mortem. The 
upper half of the large bowel was 
distended and its wall greatly thinned 
in places and adherent to surround- 
ing structures, while its mucous mem- 
brane showed extensive thin scars of 
healed ulcers, but no recent lesions, 
and the liver contained a small, en- 
cysted abscess; also free from ameba?. 
Thus three days’ emetine treatment 
had brought about healing of very 
extensive amebic ulcers and had also 
sterilized and led to the encystment 
of a liver abscess. A second patient 
was apparently cured of a chronic 
amebic dysentery by 1 -grain (0.065 
Gm.) doses on three successive days, 
but returned four weeks later with 
severe dysentery and died the next 
day, no amebae having been found in 
the stools on his second admission. 
Post mortem, extensive healed scars 
of amebic dysentery were found in 
the upper part of his large intestine, 
and typical lesions of acute bacillary 
dysentery in the lower half, from 
which cultures of Shiga’s bacillus 
were obtained. These two apparent 
relapses furnish strong evidence that 
the new method can completely ster- 
ilize the body as far as pathogenic 
amebae are concerned. Leonard Rog- 
ers (Therap. Gaz., Dec., 1912). 

In amebic hepatitis the emetine 
treatment has proven nearly as great 
an advance as in amebic dysentery. 
Injected in the same doses as in the 
latter condition, emetine will remove 


the pain of acute hepatitis in a single 
day, reduce the fever in a few days, 
and where abscess formation has not 
yet taken place, bring about subsi- 
dence of the leucocytosis (Rogers). 
Several French observers have fully 
confirmed the statements of Rogers 
concerning the benefit of emetine in 
this condition. 

Report of cases of amebic liver 
abscess treated by aspiration and in- 
jection of emetine into the cavity, 
with uniformly excellent results and 
the complete avoidance of secondary 
pyogenic affection of the cavity, 
which is the common result of open 
drainage. Leonard Rogers (Brit. 
Med. Jour., Aug. 24, 1912). 

Where leucocytosis in amebic hep- 
atitis persists for some time after the 
pain and fever have subsided under 
emetine, it is highly probable that an 
hepatic abscess is present, which had 
formed before the treatment was be- 
gun. Tn that case it is usually only 
necessary to remove the pus by as- 
piration, and to inject 1 grain (0.065 
Gm.) of emetine hydrochloride dis- 
solved in about 1 ounce (30 c.c.) of 
water into the abscess cavity through 
the aspiration cannula before with- 
drawing it and sealing the puncture 
with collodion. If a full course of 
emetine has not already been given, 
Yi grain (0.032 Gm.) should be in- 
jected subcutaneously twice a day for 
three days, commencing from the 
day after the aspiration. The pus 
withdrawn should be examined by 
culture for bacteria, and if it prove.s 
sterile it is highly probable that 
nothing further will be required, for 
the amebae having all been killed by 
the emetine, the remains of the ab- 
scess will encyst. If the abscess is 
a very large one a second aspiration 
may be required after a week or ten 
days. 

Where secondary extensive coccal 
infection has taken place the abscess 
must be opened and drained. 

In 1 case in which the pain and 
fever of a very acute hepatitis sub- 
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sided under emetine injections, hut 
leucocytosis persisted, 10 ounces of 
pus were removed by simple aspira- 
tion, no more emetine being used, and 
complete recovery ensued. 

Thus it appears quite probable 
that in the large number of ame- 
bic liver abscesses which are free 
from secondary bacterial infection — 
85 per cent, of the whole in the 
author’s Calcutta experience — incision 
and drainage will not in future be 
often required. Leonard Rogers 
(Therap. Gaz., Dec., 1912). 

Case presenting a large hepatic 
abscess, which had developed some 
months after an attack of diarrhea 
devoid of any special features. Upon 
incision a liter of sterile pus, con- 
taining numerous aniebie, was evac- 
uated. The temperature fell, but an 
abundant purulent and hemorrhagic 
discharge took place along the drain. 
Five days after the operation. 0.04 
Gm. (% gr.) of emetine was injected 
under the skin, and on the next day 
0.02 Gm. (% grain) in 40 c.c. of 
water was injected into the abscess 
cavity. 

Finally, on the two succeeding 
days, another hypodermic injection of 
0.04 Gm. was given. After the first 
injection the pus was already less 
blood-stained; after the third it con- 
tained no more blood and was much 
less in amount; four days after the 
last injection, it had entirely ceased 
and the temperature was normal. A. 
ChauflFard (Soc. nied. des hop. de 
Paris, March 14, 1913). 

Although evidence is convincing that 
emetine is the most effective drug known 
in the treatment of amebic dysentery (g.v., 
this volume), it is apparent it is not nearly 
so effective when dealing with the cryptic 
or latent cases, as stated in American 
Medicine for March, 1917. These are the 
carriers in the true sense of the term, and 
the treatment of entamebiasis by British 
physicians has been largely concerned with 
the problem of freeing the chronic “car- 
riers” from their iniection. Cysts will 
disappear in many cases only to return; 
they will persist despite the emetine treat- 


ment. IT. il. Dale in the London T.ancct 
(July 29, 1916) stated that tlu- relative 
failure of hypodermic treatment with eme- 
tine in cystic conditituis may be explained 
by the entameba' being more or less com- 
pletely shut off from the circulation and 
tissue fluids of the patient. Low, who, 
in conjunction with Clifford Dobell, had 
been employing emetine bismuth iodide, 
stated in the I^ondon Lancet (August 19, 
1916) that they were convinced that eme- 
tine bismuth iodide is far more efficacii>us 
than emetine hydrochloride given hypo- 
dermically in removing the cysts from the 
feces of chronic carriers. Editoks. 

Jntravcnoits administration of eme- 
tine in amebic dysentery has been 
practised with satisfactory results by 
a number of clinical observers in dif* 
ferent countries. The wM*iter reports 
11 personal cases in which this route 
of administration was availed of. 
Tolerance of the drug thus given 
seems proven. A boy of 12, dysenteric 
for two months, w^as given 0.21 Gm. 
(3 grains) of emetine intravenously 
in five days. A complete, permanent 
cure resulted, without any untoward 
eflfect.s. .Similarly, entire tolerance 
was noted in all the author’s other 
cases, even when 0.28 Gm. (4j4 
grains) was given in five days. C. J. 
Bello (Observ. y Notas, Jan., 1919). 

In the treatment of hepatic abscess 
emetine should only be used as an 
adjuvant to aspiration. Its rapid ef- 
fect in acute amebic hepatitis is prob- 
ably due to its action upon the ameba; 
themselves, and the fact that none of 
these organisms was found in the 
liver pus after evacuation in the 2 
cases reported may be also attributed 
to the drug. There are no grounds, 
however, for the belief that, under or- 
dinary circumstances, the administra- 
tion of this drug in any way hastens 
or affects tlie absorption of pus which 
has already been formed within the 
liver. Manson-Bahr and Morris (Lan- 
cet, Jan. 9, 1926). 

C. E. DE M. Sajous 

AND 

L. T. DE M. Sajous, 

Philadelphia. 
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tient from the primary condition. In 
cases of cardiac asthma and angina 
pectoris it may also occur. The area 
of pulmonary resonance is increased 
and numerous small, diffuse, musical 
rales heard. Thus, pressure on the 
vagi by enlarged glands may give 
rise to a similar condition. 

(b) Compensatory Emphysema — 
This IS limited to a single small focus 
or may be widespread, even involving 
an entire lung, dependent upon the 
size and nature of the provocative 
lesion. If any part of the lung area 
does not fully expand during inspira- 
tion, some other portion of the lung 
will overdistend, or in time the chest 
wall will sink in order to fill in the 
space thus created. At first this is a 
physiological process, but in time atro- 
phy of the alveolar walls takes place ; 
contiguous air-cells fuse and fibrous 
tissue proliferation ensues. Partial or 
complete arrest of tuberculous foci or 
cavities, pleural adhesions and cir- 
rhosis of the lung, all give rise to this 
condition ; likewise pleurisy with effu- 
sion, especially if of long standing; 
also pneumothorax. In proportion to 
the extent of pulmonary disablement, 
emphysema arises, so that an entire 
lung and even part of the second may 
become involved. 

(c) Hypertrophic Emphysema . — This 
condition, known also as idiopathic 
or substantive emphysema, was called 
by Sir Wm. Jenner large-lunged em- 
physema. The term hypertrophic is 
really a misnomer, as there is a dimin- 
ished and not an increased functional 
activity. Clinically the disease is easy 
of recognition. The thorax is volum- 
inous, due to the pulmonary disten- 
tion ; and dyspnea and especially 
cyanosis are, sooner or later, very 
pronounced. 


45 ^) 

MORBID ANATOMY. — In inter- 
lobular cmi)hy.sema more than in any 
other form, heredity plays a part; it 
is probable that some subtle tissue 
change pre-exists, probably a con- 
genitally low grade of elastic tissue. 
In consequence, overdistention rapidly 
manifests itself, whatever the cause 
or even without api:>arent cause. 

When the thorax is opened it will 
be noted that the costal cartilages are 
calcified, and even in children this is 
apt to be the case. According to 
Freund, this primary change in the 
cartilages brings about a rigidly di- 
lated chest with a secondary large- 
lunged emphysema. The lungs do 
not collapse even when removed from 
the body. They are pale (pulmonary 
albinism of Virchow), due to absence 
of pigment in parts; soft, downy, non- 
crepitant, and pit on i)ressure. In 
some instances the lobules are cir- 
cumscribed by pigment. Distended 
air-vesicles may be seen beneath the 
pleura, varying in size, the largest 
along the free margins of the lungs. 
An inflated lung, dried and sectioned, 
will show these to consist of inter- 
communicating cavities, dilated al- 
veoli, with atrophic septa and vessels 
and fibrous tissue. The lung looks 
bloodless and is dry, unless a hypo- 
stasis or pulmonary edema has oc- 
curred at the bases, due to cardiac in- 
sufficiency. The bronchial tubes are 
the seat of chronic changes, thicken- 
ing and swelling of the mucosa of the 
larger tubes, with at most but a mod- 
erate bronchiectasis of the smaller 
tubes, if at all, except in cases of 
interstitial pneumonitis — pulmonary 
cirrhosis — where the peribronchial 
fibrosis invites a more marked bron- 
chiectasis. Mucopurulent secretion is 
found in the bronchi. Pleural ad- 
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hcvsions are the exception. Rupture 
of dilated vesicles predisposes to 
pneumothorax; but if the pleura re- 
mains intact, interlobular emphys- 
ema results. 

Owing in part to ])ressure and in 
part to stretching exerted by dilated 
air-cells, .and in some measure to 
fibrous tissue proliferation and con- 
traction, the pulmonary and bron- 
chial vessels are narrowed even to 
obliteration, and lymphatic circula- 
tion is likewise impaired. This nec- 
essarily increases the vulnerability 
of the pulmonary tissue and in- 
creases the tendency to bronchitis 
and ])ulmonary inflammations. 

The right heart feels the strain, 
the right ventricle and auricle be- 
come hypertrophied and dilated, the 
tricuspid orifice widens, the venae 
cavae enlarge, and congestion of all 
the organs drained by them results. 
To a less extent the left side of the 
heart is involved. Owing to the 
great increase in volume of the lungs 
and the depression of the diaphragm, 
the heart lies lower and more hori- 
zozntally than normal, the anterior 
face of the organ being then made 
up entirely of the right ventricle and 
auricle. 

Case in which marked displacement 
of the heart occurred, apparently due 
to the rupture of some of the air 
vesicles of the inflamed lung allowing 
free air to escape into the medias- 
tinum, from which it made its way 
up under the right clavicle and pos- 
teriorly over the right side. The 
writer was forced to the conclusion 
that the heart could only have been 
displaced by the presence of air in 
fairly large quantities in the medias- 
tinum. Fleischner (Amer. Jour. Dis. 
of Children, Feb., 1921). 

The mitral and tricuspid valves 
often become fibrotic, less often the 


aortic, and the pulmonary artery is 
invariably the scat of atheroma, more 
or less marked. 

The liver enlarges, is congested, 
indurated, “nutmeg” on section, and 
the hepatic veins are dilated. The 
kidneys are cyanotic, indurated and 
usually the seat of a chronic, inter- 
stitial change. The spleen dense, 
cyanotic, and moderately enlarged. 
In the stomach and intestines are 
present more or less, evidences of catar- 
rhal change due to chronic, passive con- 
gestion. 

SYMPTOMS. — J^athologic changes 
in the lungs may be advanced before 
the patient is conscious of any par- 
ticular abnormality. Without any 
apparent cause, or after an attack of 
bronchitis or some one of the factors 
previously cited, some dyspnea is 
noted, at first on effort. The longer 
the myocardium is al)le to compen- 
sate, the more slowly will the disease 
progress. Anything which interferes 
with the descent of the diaphragm, 
as over-feeding, or occupations re- 
quiring stooping or crouching, or 
flatus, will render the pulmonary 
change more apparent by increasing 
the dyspnea. With this are closely 
associated, cough and cyanosis; at 
first, like the dyspnea, intermittent; 
later, almost constant, at which time 
orthopnea prevails. Harsh, wheez- 
ing respiration, with prolongation of 
expiration, aggravated by colds and 
intercurrent bronchitis, and attacks 
of dyspnea and cough, with or with- 
out cyanosis, are the only symptoms 
for a variable length of time. 

These symptoms are more marked 
in winter than summer, the win- 
ter bronchitis and cough being es- 
pecially troublesome. Finally these 
conditions persist throughout the 



EMPHYSEMA, PULMONARY (ROBERTSON). 


461 


year, with periodic attacks of asthma. 
In early life, this may go on from 
year to year with but little change, 
often two or more members of a 
family being affected, more often the 
males; but with advancing age the 
more frequently recurring attacks o£ 
bronchitis stamp the sufferers in- 
delibly. 

It is the strain incident to coughing 
that taxes the circulation and hastens 
decompensation. Cyanosis then be- 
comes more or less constant, and in 
some cases is quite as marked as it is 
in congenital heart disease. It may 
even be quite pronounced while the 
patient is able to be about. One sel- 
dom sees cyanosis so striking under 
any other condition in one who is up 
and about. In poisoning by the coal- 
tar group a similar state of affairs 
exists, but with the same degree of 
cyanosis in heart disease the patient 
is orthopncic. 

Observations affording direct evi- 
dence that the patients suffer from im- 
paired ventilation of the pulmonary 
alveoli, with consequent high carbon 
dioxide content of the alveolar air, 
rather than from a deficient intake and 
absorption of oxygen. None of the 
cases studied showed the slightest modi- 
fication of the symptoms when pure 
oxygen was inhaled. C. F. Hoover 
(Archives of Intern. Med., Jan., 1913). 

The moderate anemia existing is 
masked by the polycythemia. In 
consequence of the overfilling of the 
venous system, the arteries are poorly 
filled and the pulse is small and weak. 
The heart is irregular, intermittent, 
and in the later .stages the blood- 
pressure is low. The cervical veins 
distend, often filling from below, even 
pulsating, showing incompetent jugu- 
lar valves, with dilated nght heart 
and incompetent tricuspid orifice. 


Marked epigastric pulsation occurs, 
due to the abnormally low and trans- 
versely situated heart. 

The “epigastric pain-point” is com- 
mon in pulmonary emphysema. It is 
usually located in the immediate 
vicinity of the xiphoid cartilage. 
Pressure upon the epigastrium in- 
creases the pain and sometimes 
makes it intolerable. It is frequently 
an early .subjective phenomenon in 
pulmonary emphysema and was seen 
in fivc-.sevenths of a series of cases 
of that disease. H. de Buen (Revue 
de med., Dec., 1905). 

Case of polycythemia in a man with 
pneumothorax. A research on 10 old 
horses showed that while the blood of 
the normal animals gave 7,000,000 
erythrocytes, there were from 8,000,000 
to 14,500,000 in horses with emphysema. 
Van den PZeckhout and Lahaye (C. r. 
Soc. de biol., May 1, 1925). 

Hemoptysis is not uncommon, but, 
as in mitral stenosis, the amount of 
blood lost is usually small. Fatal 
hemoptysis is rare. Expectoration 
never results from the emphysema 
alone, but is due to the associated 
bronchitis, and is proportionate there- 
to. In the earlier stages the sputum 
was described by Laennec as pearly, 
later increasingly profuse, and muco- 
purulent to purulent. 

Deficient aeration of the blood in- 
duces headache and drowsiness. The 
appetite is poor, tongue coated, bow- 
els constipated, and flatulence and dis- 
tention are not only annoying, but 
interfere with the action of the dia- 
phragm and further embarrass res- 
piration. 

The physiognomy is striking. Early, 
the rounded shoulders, forwarded 
position of the head, thick lips, con- 
gested mucosa, barrel-shaped thorax 
and later, with loss of flesh, the same 
pose with evident embarrassment of 
breathing, the voluntary muscles be- 
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ing employed; the careworn, anxious 
expression ; cyanosis, prominent eyes, 
injected veins, clubbing of fingers and 
toes confined to the soft tissues of 
those parts, prominent abdomen, epi- 
gastric pulsation, low position of liver 
and spleen, gastrointestinal catarrh 
and, in time, edema of legs, later be- 
coming general, with effusion into the 
serous cavities. The course of the 
disease is afebrile unless pneumonia 
supervenes. 

Physical Signs. — Inspection . — For a 
more or less extended period no strik- 
ing physical signs can be elicited. 
Possibly a rather resonant note over 
the lungs, but eventually, though very 
gradually (less so in those in whom 
marked hereditary predisposition is a 
factor), all of the characteristic signs 
develop. The most notable is the 
change in shape of the thorax. This 
becomes rounded, the anteroposterior 
diameter increasing, often to a greater 
size than the transverse diameter. 
The lower portion of the chest is 
especially voluminous, the interspaces 
widened ; the intercostal angle be- 
comes more obtuse as the ribs assume 
a more horizontal position. The .ster- 
num acquires a forward bend from 
above downward, and both sternum 
and costal cartilages are often promi- 
nent features. The neck is short, and 
owing to the play of the voluntary 
muscles during inspiration the entire 
thorax is lifted during the respiratory 
act, while the sternal fossae appear 
unduly deep. There is actually very 
little increase in expansion, though 
the effort during breathing is exag- 
gerated. Inspiration is short while 
expiration is prolonged. Abdominal 
movement may be inverted during in- 
spiration, the upper portion being re- 
tracted instead of distended. Dilated . 


venules are commonly present over 
the lower thoracic region, along the 
line of attachment of the diaphragm. 
Epigastric pulsation is marked; the 
apical impulse feeble or absent. The 
cervical vessels are overfilled, promi- 
nent, and in some instances pulsate. 
At this stage, more or less constant, 
often profound cyanosis is present, 
increased during coughing or other 
effort. Hie spine is curved antero- 
posteriorly, the shoulders rounded, 
giving a thick set to the figure. The 
scapulae tend to assume a horizontal 
position. 

Palpation confirms inspection as to 
the character of respiratory move- 
ment, feeble or absent apex beat, 
forcible epigastric impulse, and, fur- 
ther, elicits an enfeebled vocal fremi- 
tus. With an associated bronchitis, a 
rhoncal fremitus may be felt. 

Percussion . — Markedly hyper-reso- 
nant note, even tympanitic, over the 
entire chest, often masking cardiac 
dullness, unless very light and super- 
ficial percussion be practised, extend- 
ing abnormally low, the distended 
lungs displacing the diaphragm and 
abdominal viscera downward, and 
partially obliterating liver dullness. 

Auscultation . — Over the lungs the 
inspiratory note is soft, feeble, short, 
while the expiratory element is pro- 
longed, often harsh, and owing to the 
frequency of an associated bronchitis, 
apt to be obscured by rales, both 
mucous and sibilant. All other breath 
sounds may be replaced by rales. 
Cardiac sounds are feeble, with more 
or less relative accentuation of second 
sounds except the pulmonic second, 
which is absolutely accentuated. In 
the later stages, when decompensa- 
tion has set in, murmurs develop, 
especially that of tricuspid regurgita- 
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tion, though a mitral systolic is not 
uncommon. 

Course and Duration. — The hyper- 
trophic or large-lunged type of 
emphysema is a slowly progressive 
malady, often beginning during child- 
hood, punctuated by attacks of bron- 
chitis, recurring with gradually in- 
creasing frequency, often asthmatic 
attacks, death resulting from some 
intcrcurrent pulmonary disease, as 
lobar or lobular pneumonia or, occa- 
sionally, hemoptysis, due to ulcera- 
tion of the bronchial mucosa, or pro- 
gressive cardiac failure. The total 
duration is a matter of years, but in 
those in whom the disease began in 
childhood life is seldom prohmged 
beyond middle age, and death not 
seldom occurs in early adult life. At 
best, the victims are semidependent 
members of society, for respiratory or 
cardiac embarrassment, or both, pre- 
clude useful effort. 

(d) Atrophic Emphysema. — Small- 
lunged emphysema, so named by Sir 
Wm. Jenner, is essentially a senile 
change, an atrophic condition, part of 
a general wasting process. The need 
of respiratory interchange is there- 
fore lessened, and, in consequence, 
the restriction of pulmonary area is 
clinically les.s apparent. 

These cases are characterized by 
bronchitis and cough, which often 
tends to recur solely during the fall 
and winter months. These symp- 
toms, with the resulting dyspnea, 
may recur for years or, in some 
cases, they may be present constantly, 
but increase in severity during the 
fall and winter seasons. Bronchial 
asthma is the exception in atro- 
phic emphysema. Venous congestion, 
clubbing of the fingers and toes, and 
cyanosis do not occur. 


Physical Inspection. — The 

skin is harsh, dry, wrinkled; the mus- 
cles wasted; the thorax is small, but 
often barrel shaped, due to shrinkage, 
especially lateral. As the lungs grad- 
ually occupy less space, the ribs re- 
cede and become more oblique. The 
upper four or five intersjiaces may be 
fairly well marked, hut the lower ones 
arc crowded by the increasing ob- 
liquity to which the lower ribs are 
especially liable. 

Respiratory excursions are much 
limited; the rigid thorax moves as one 
piece, but the disproportion between 
intake and output of air is less than in 
the hypertrophic form. The heart is 
apt to be considerably hypertrophied, 
the apex beat dis])laced in ])rc»portion, 
less from the emphysema directly 
than from the vascular and tenal 
sclerosis which are part of the picture. 
Epigastric pulsation is not increased, 
— in fact, is rarely present. 

Palpation. — 1diis affords confirma- 
tion of inspection and feeble or absent 
vocal fremitus. The blood-vessels are 
firm, often sclerosed and beaded. 

Percussion . — The note is apt to be 
more tympanitic than that elicited in 
the large-lunged variety. The pre- 
cordial area on light percussion will 
be found increased. There is no dis- 
placement downward of the abdom- 
inal viscera, nor is the liver dullness 
obliterated. 

Auscultation . — Weak breath sounds 
with somewhat prolonged expiration. 
A few small, moist rales can usually 
be heard at the bases posteriorly, and 
when bronchitis is present small mu- 
cous rales dominate all other sounds. 
Heart sounds are usually feeble, espe- 
cially the muscle element, and the 
pulmonic second sound is rarely ac- 
centuated very much. 
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DIAGNOSIS. — The interlobular 
form is rarely rccoj^nized during life. 
It may occur after tracheotomy, or 
in punctured wound of the lung, 
but its ])rcscncc may be suspected 
if sul)Cutaneous emphysema is pres- 
ent, or when pneumothorax de- 
velops suddenly after a violent attack 
of coughing or severe strain. The 
fine, crackling rale, said to occur in 
some instances, may possibly be of 
diagnostic value. Acute vesicular 
emphysema is an intcrcurrcnt affec- 
tion of rapid onset, a possible com- 
plication of severe forms of cardiac 
asthma or stenocardia. Expiration is 
prolonged, numerous small rales are 
present, and a markedly hyper-reso- 
nant note can be elicited over the 
voluminous lungs. 

Compensatory emphysema, a fre- 
quent sequence of pulmonary tuber- 
culosis, may be suspected in that con- 
dition. It is worthy of note that loss 
of function of a more or less extensive 
area of lung tissue, may be followed 
by a true hypertrophy of the remain- 
der, increased functional capacity re- 
sulting in the uninvolved areas. In 
such cases, the breath sounds are 
harsh, bronchovesicular. Usually, 
however, emphysema occurs in those 
portions of the lung not the seat of 
fibrosis or softening. In such areas, 
the note is hyper-resonant and the 
breath sounds soft and distant, with 
diminished fremitus. In this form, 
examination of the sputum for tu- 
bercle bacilli is very important. 

Emphysema in the apex of the lung is 
most common in the chronic fibrous 
cases with comparatively slight tendency 
to destructive processes. The tuber- 
culous focus generally develops about 
an inch below the apex, and conse- 
quently there is a zone of sound tissue 
above. Assumption of emphysema in 


the apex explains the clearing up of an 
area of dullness without this being 
necessarily a sign of healing. Orszag 
(Berl. klin. Woch., Oct. 14, 1912). 

The large- and small- lunged types 
are so characteristic that little re- 
mains to be said of them in a diagnos- 
tic sense. The history, chest con- 
formation, and physical signs furnish 
data of most importance. 

Pneumothorax is occasionally mis- 
taken for hypertrophic or essential 
emphysema. It is unilateral, how- 
ever; the affected side bulges and is 
almost or entirely fixed; the inter- 
spaces are filled out without an in- 
crease of tension ; the heart is dis- 
placed to the sound .side; the percus- 
sion note is tympanitic in proportion 
to the degree of intrapleural tension, 
up to a certain point, beyond which, 
when the tension is at the maximum, 
the note will be dull or even flat. 
Fremitus is absent over the affected 
side and the breath sounds are either 
wanting entirely or may be heard 
feebly, possessing a metallic, tinkling 
quality. The coin test may also be 
elicited. 

Rarely, cases of failing right heart 
with pulmonary edema; large, moist 
rales; frothy, mucous expectoration, 
often bloody, may be mistaken for 
essential emphysema. This is most 
likely in cases of mitral stenosis or 
chronic interstitial BrighFs, where 
dilatation has superseded hypertro- 
phy. Of course, in the late stages of 
emphysema, cardiac failure is super- 
added and similar symptoms may 
result. Several days may have to 
elapse before the differential diag- 
nosis is possible. Atrophic or senile 
emphysema seldom presents any dif- 
ficulty in diagnosis. 

In certain cases emphysema is only 
apparent, the cases being in reality 
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dyspneic dyspeptics, with a small thorax 
and a large abdomen. This may be 
elicited by a clinical study and radios- 
copy. The thorax is made smaller by 
the rising of the diaphragm, due to the 
excessive abdominal mass, which results 
from gas and aerophagia and the exag- 
gerated tension of the abdominal 
parietes the muscular coat of which is 
doubled by a thick coat of fat — all such 
subjects being obese. This false emphy- 
sema is readily curable. Caussade and 
Leven (Presse nied., April 13, 1912'). 

ETIOLOGY. — Emphyscina occur.s 
at any age, most commonly, however, 
in late adult life, especially the atro- 
phic form, which is usually senile. 
The hyi)ertropliic variety is the form 
most commonly met with in the 
young. It is most frequently met 
with among men, in large measure 
owing to tlieir occupation and greater 
liability to muscular strain, exposure, 
etc. 

As to heredity, the hypertrophic 
form may he spoken of as a family 
type, the quality of vital tissue trans- 
mitted, so to speak, being such as to 
predispose to emphysema, lloth in 
this form and even more so in the 
atrophic form, vascular and renal de- 
generation (sclerosis) are common. 
The hypertrophic form met with in 
children is very apt to exist without 
any history of an adequate exciting 
cause, and even before the disease is 
well developed, the child lacks anima- 
tion, tires readily, and manifests little 
desire for the more active sports of 
childhood. Capacity for work, though 
in large measure dependent upon 
structural differences in individuals, 
is not susceptible of proof, grossly or 
minutely, and it is this subtle differ- 
ence in tissue quality, and especially 
in the elastic tissue, that invites in 
one an emphysematous condition, 
while another escapes. 


Muscular effort is the predominating 
occupational factor, and even those 
trades involving the inhalation of dust 
are cliiefly harmful in consequence of 
the associated bronchitis and cough 
thereby induced. Anything, there- 
fore, which necessitates severe mus- 
■cular effort, invites the possil)ility of 
emphysema, and tliis possibility is 
greatly enhanced by certain family 
types. Porters, stevedores, and labor- 
ers arc nnu'c susceptible even than 
players of wind instruments. b's- 
pecially liable are grinders, stonecut- 
ters, and coalminers, owing to the 
irritation of the bronchial tract. 

In 22 players of witul instrnincnts, 
and a nnin])er of oilier persons, there 
was found a tendeney to overdistention 
of tile upper part of the lungs. Diffuse 
('bronie emphysema, however, is gen- 
erally the result of disturbances in 
breathing ennsed by ebronio inllamma- 
tory narrowing of the bronchi. E. 
Becker (Beitragc z. KImik der Tuber- 
kulose, Bd. xix, Nu. 2, 1911). 

Certain diseases are apt to he fol- 
lowed by em])hyscma, as whooping- 
cough, chronic bronchitis, asthma, 
and any factor which lowers pul- 
monary elasticity, as chronic heart 
disease or advancing age. Pneu- 
monia, pleurisy, and tuberculosis are 
prone to give rise to focal or circum- 
scribed varieties of vesicular em- 
physema. 

Traumatic Emphysema, — Trauma- 
tism is most apt to invite the inter- 
lo!)ular or .suhpleural varieties. Rup- 
ture of tlie air-cells permits the es- 
cape of air into the interlobar or sub- 
pleural tissues. Injury to the lung, as 
in some cases of fractured rib, punc- 
tured wounds of the thorax, violent 
strain as in weight lifting, paroxysmal 
cough, and rarely during convulsions, 
parturition or defecation. 


4—30 
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Emphysema as a complication dur- 
ing labor is rare. In a case that oc- 
curred at the Sydenham Hospital in 
New York, during the acute stage of 
labor, a swelling suddenly appeared 
on the right side of the neck and 
face. Before the completion of the 
labor it had extended to the root of 
the neck and upper part of the chest. 
The eye of the affected side was com- 
pletely closed up. It disappeared in 
10 days. Similar instances have been 
known to occur from excessive vomit- 
ing or paroxysms of coughing. This 
complication is rare; Kosinak in 
1907 could collect only 77 cases in the 
literature since 1791. It occurs al- 
most always in primipara\ The prog- 
nosis is good. Siegelstein (Jour. 
Amer. Med. Assoc., July 22, 1911). 

Two cases of extensive emphysema 
developing from rupture of a cavity in 
the lung or wound of the lung from a 
fractured rib. The patients suffered 
greatly from the general diffusion of 
air, threatening suffocation, until the 
author introduced an ordinary puncture 
needle to which a rubber tube was fas- 
tened, the outer end of the tube rest- 
ing in a vessel containing an antisep- 
tic solution. The relief was imme- 
diate, the escaping air bubbling up 
through the fluid and the distended 
tissues subsiding into place; the pa- 
tients succumbed to the original or 
primary disease without having suf- 
fered through their emphysema. 
Brondi (Gaz. d. osped., Feb. 29, 1912). 

Case of orbitopalpebral emphysema 
caused by perforation of a dental 
canal was observed by the writer. It 
is uncommon and is a result of the 
fracture of the nasal, lacrimal or eth- 
moidal bones. There is sudden swell- 
ing of the lid and adjacent tissues, 
with no signs of inflammation. The 
swelling does not pit on pressure and 
there is no exophthalmos. Aaron 
Brav (Jour. Amer. Med. Assoc., Oct. 
9, 1915). 

PATHOGENESIS. — ^Two theories 
have long prevailed concerning the 
pathogenesis of emphysema, viz., the 
inspiratory and expiratory hypothesis. 


Inspiratory Hypothesis , — The earlier 
view, originally promulgated by Laen- 
nec, regarded the inspired air as the 
distending force, its egress being 
hindered by bronchial mucus or swell- 
ing of the bronchial mucosa. 

Sir Wm. Gairdner, in 1850, looked 
upon some change in the lung, as 
collapse or a retrocedent tubercle, 
as a necessary precedent of emphy- 
sema. 

Expiratory Hypothesis, — Mendels- 
sohn, in 1845, was the first to claim 
that forced expiration is the chief fac- 
tor in the production of emphysema. 
Not cognizant of this at the time. Sir 
Wm. Jenner, in 1857, announced the 
same view, but in his article in Rey- 
nolds’s ‘^System of Medicine,” he gives 
due credit and further states that 
“Mendelssohn’s paper was unknown 
in this country (England), and 
rarely, if ever, referred to abroad till 
Biemer’s article appeared in 1867. 
Jenner states that 'The lung during 
expiration is compressed at different 
parts with different degrees of force. 
The parietes of the thorax in conse- 
quence of their anatomical constitu- 
tion, yield to the same force at dif- 
ferent parts with various degrees of 
facility. 

“The chosen seats of emphysema 
are exactly those parts of the lung 
which are the least compressed dur- 
ing expiration and which are situ- 
ated under those parts of the thoracic 
parietes that give way the most read- 
ily before pressure.” Any extra effort 
made at the end of inspiration, when 
pulmonary tension is at its height, 
especially when the glottis is closed, 
forces the air centripetally, and the 
peripheral portions of the lung least 
supported suffer most; hence we find 
the lungs most apt to be emphysema- 
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tous at the apices, and alonj^f the an- 
terior margins of the lower lobes and 
the margins of the extreme base, tliis 
latter, especially on the left side, as 
the stomach area is less resistant than 
the region of the right lobe of the 
liver. 

Hence the cough, es])ccially re- 
sulting from bronchitis, and repeated 
muscular strain of any kind, increase 
intrapulmonary tension. If the qual- 
ity of tissue be good, no harm may 
follow unless the exciting factor is 
oj)crativc over a considera])le period 
of time. 

Ft is thus quite comprehensive 
that an acute vesicular emphysema 
or even interlobular emphysema may 
occur, recovery being proportionate, 
especially to the inherent quality of 
the clastic and muscular tissue. In 
asthma the changes are more gradual. 
Bronchial obstruction causes at the 
same time increase in expiratory ef- 
fort and an increase in the quantity of 
residual air. Likewise laryngeal ob- 
struction, be the cause what it may. 
Necessarily, in time, compression and 
distortion results in further obstruc- 
tion of the bronchi and more or 
less vascular obstruction, and thus a 
lowered nutritional stale results, pre- 
disposing the lung to a further 
yielding. 

TREATMENT. — Emphysema as a 
disease entity is not known to the 
laity. It is not the emphysema as 
such for which the patient seeks re- 
lief, but the associated bronchitis 
which is an inevitable phase of the 
well-developed form. Just as is the 
case in the earlier stages of cardiac 
decompensation, so in emphysema, 
the shortness of breath (at first only 
on effort) does not constitute suffi- 
cient ground for annoyance or dis- 


comfort, as in both of these condi- 
tions the individuals become more or 
less accustomed to it. 

Good results arc reported by the 
writers from vaccines in 16 sul)jects, 
mostly from 50 to 80 years old, who 
had a history of tuberculosis, had been 
sufferinpf from bronchitis and emphy- 
sema for many years, and were troubled 
with increasingly frequent asthmatic 
attacks. The treatment was essen- 
tially a desensiti/ation produced with 
Maragliano’s vaccine t^r other vaccines 
prepared with killed tubercle bacilli 
partially or completely freed of fats. 
The vaccines were employed by scari- 
fication, so that only minute doses en- 
tered the system. General reactions 
were uncommon. A number of the 
patients were cured by the procedure 
in 36 hours; 2 of these had had asthma 
for 50 and 43 years. The relief lasted 
at least 6 months. Bonnamour and 
Duquaire (Lyon med., July 25, 1922). 

In the young who have sustained 
acute overdistention, as a result of 
.sj)asm, whooping-cough or some 
laryngeal or bronchial affection, the 
process subsides with the recovery 
from the provocative factor. 

In the hypertrophic form, even in 
childhood, when once thoroughly de- 
veloped, or in the atrophic form in 
later life, very little is to be expected, 
indeed, if anything, from any plan of 
treatment. Some effort should be 
made, chiefly through regulating the 
life of the individual, to ])rc\^cnt the 
resultant effects upon the circulatory 
apjtaratus. More, however, may be 
done in a preventive way, through 
change of climate or occupation. Any 
effort which induces shortness of 
breath should be restricted as far as it 
is possible to do so. Unfortunately, 
since patients do not present them- 
selves until some one or other of the 
complications or sequels of emphy- 
sema make it urgent, it is frequently 
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impassible to render any considerable 
deg’ree of beneHt. 

The j)rincii)le underlying therapy 
is the removal of residual air; conse- 
quently some form of aerotberapeu- 
tics may be employed, the patient 
breathing into the rarefied air. This 
])lan has been followed by Dr. Fowler, 
who, however, believes that the re- 
sults are not so satisfactory as the 
employment of what he terms com- 
pressed air baths. These he has used 
at the Brompton 1 lospital with con- 
siderable success. Tie states that 
breathing is greatly facilitated, while 
in the bath, and that capacity for ex- 
ercise materially improves after a 
series of them have been taken ; also 
the cough and amount of expectora- 
tion are greatly lessened. This 
method, however, is not generally 
applicable. 

In 6 patients under treatment by 
respiratory exercises, first case a man 
of 49 had bronchitis every winter, ac- 
companied with dyspnea and cyanosis 
when the patient was first seen. After 
42 seances of respiratory therapy in the 
course of seven weeks the lunj? capacity 
increased from 3CKX) to 4(KXI c.c. while 
the dyspnea and cyanosis disappeared. 
The excursions of the thorax increased 
from 1 to 5 cm. Haus (Norsk 
Magazin f. J^aegevidenskaben, Ixii, 
No.' 5, 19f)6). 

The writer uses a contrivance which 
presses in the abdominal wall — an air- 
lilled cushion under an inelastic band. 
The cushion is inflated to exert pres- 
sure just at the end of expiration; it 
forces up the relaxed diaphragm and 
the immediate relief is so marked that 
the patient realizes the advantages from 
drawing or forcing the diaphragm up as 
high as possible during expiration, and 
he learns to utilize his own forces for 
this. The circulation is promoted at the 
same time by these breathing exer- 
cises to such an extent that the 
general health is materially bene- 


fited. Hofbauer (Wiener klin. Woch., 
March 28, 1912). 

One of the most useful devices for this 
purpose is Rossbach’s chair, which can be 
worked by the patient or an attendant, and 
affords great relief. It is of the ordinary 
modern type without arms and with a 
straight back. The scat is prolonged back- 
ward about three inches and two horizontal 
brackets, B, are attached to the top rail. 
These support two wooden cylinders. A, 
about three inches in diameter and as long 
as the back of the chair. They are placed on 
each side just without its outer rail. These 
revolve on iron pins which jiass through the 
projection of the seat and the brackets re- 
spectively. At the bottom of each is attached 
a lever or wooden handle of convenient 
length for the patient to grasp with his arms 
extended. When drawn forward parallel to 
each other the cylinders make a partial revo- 
lution. A broad band of strong webbing 
(P Big. 2) passes across the chest of the 
seated patient and is attached by eyelet-holes 
to a row of studs, C, on the inner face of the 
two rollers ; therefore, on pulling the handles 
forward the thorax is compressed to any ex- 
tent which may be thought necessary. The 
bandage is divided in the middle and is fast- 
ened in front as a corset. The patient rests 
himself in the chair, well back, the levers arc 
drawn outward and the belt adjusted so as 
to press e(]ually over the thorax, and is 
fasteneil to rollers on either side. Extending 
his arms, he grasps the handles, takes a deep 
breath, and, as expiration commences, pulls 
them .slowly forward; the act completed, he 
pushes them somewhat quickly to their first 
position, takes another deep breath, pulls 
them gently together again as far as he finds 
necessary, and so on. Here we have artificial 
respiration with an automatic operator. 
These movements are timed and persisted in 
as long as the physician may direct, fifteen 
times per minute for ten minutes, three times 
a day. This instrument equally compresses 
the chest. The patient can use it when once 
adjusted, either day or night. Any carpenter 
can make it at little expense. It can be used 
simultaneously with other forms of treat- 
ment, such as Waldenberg’s cabinet, or with 
expectorants and cardiac tonics. Editors. 

Patients seen in the earlier stages, 
even though already the subject of 
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some degree of bronchitis and possildy 
venous torpor, may be considerably 
aided by general massage and exer- 
cises of the character known as set- 
ting-up exercises, now commonly 
practised in classes in the various 
gymnasia, but equally practical if a 


method of retaining the blond in the 
periphery. The heart ^rew smaller, 
both the arterial and \enous blood- 
l)ressnre dropped, etc., and patients with 
emphysema disturbances felt relieved as 
soon a<? tbeir limbs were thus excluded 
from tbe general circulation. Tornay 
has reporteil similar benefit in conges- 



Pljr, 1.— Rossbach chair, corset reraove^i. 



Pig. 2.— Rossbach chair, view from above, showing corset bandage 
(lllustrirte MonatSMhnlt f. acrztlicho Polytci hnik ) 


patient can be induced to employ 
them at home. 

When the venous circulation is defect- 
ive, throwing extra work on the right 
heart, with congestion in the abdominal 
vessels, transient benefit may often be 
realized by tying off the limbs as a 
bloodless substitute for venesection. 
This is proving a useful means to in- 
fluence favorably acute weakness of the 
right and left heart manifesting itself 
in pulmonary edema. The writer has 
confirmed by extensive pnimal experi- 
mentation the effectual action of this 


tion from cirrhosis of the liver, and 
Lilicnstcin has recently devised what he 
calls a “phlebostat” to accomplish this 
bloodless bloodletting. Tbe writer com-* 
mends this measure as a simple and 
harmless means to relieve extra strain 
on the venous heart. It can be applied 
with any simple constricting band or 
tourniquet, to both arms and legs at 
the same time, applying the constric- 
tion so as to arrest the venous cir- 
culation but without interfering with 
the arterial circulation. By this 
means it is possible to drain as much 
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as a liter of arterial blood into the 
limbs and hold it there. After half 
an hour the constricting bands are 
gradually loosened. The procedure 
can be repeated two or three times a 
day. Von den Velden (Therap. 
Monats., July, 1912). 

Spasmodic dyspnea, bronchitis, and 
cardiovascular phenomena arc the 
three conditions which especially de- 
mand relief. The dyspnea and bron- 
chitis almost invariably occur as 
associated factors, while the cardio- 
vascular phenomena only present 
themselves in an urgent manner in 
the most advanced cases. It is to the 
former of these two, therefore, that 
our attention should be especially 
directed. bV)r these it may be urged 
that absolute removal from all occu- 
pations, in whicli dust is a necessary 
accompaniment, is an absolute pre- 
requisite. Change of climate is not 
possible to the great majority, there- 
fore, all that remains is the use of 
general and rather vigorous massage 
and the practice of gymnastic exer- 
cises in the form of calisthenics. 

Ill using the mechanical measures 
which have been emidoyed to aid respi- 
ration in cinphysenia, the conditions to 
be dealt with arc the lessened elasticity 
of the lung, the weakness of the respira- 
tory muscles, and fixation of the thora- 
cic framework. While a healthy man 
can exert an expiratory pressure of lOU 
to 150 mm. of mercury, in emphysema 
the figure is only 50 to 80 mm. The 
pressure exerted by the elasticity of a 
normal lung is about 18 mm. of mer- 
cury; hence the loss of this is not 
sufficient of itself to explain the great 
diminution of expiratory force, which 
must, therefore, be due to the other 
two factors. In the absence of any 
means of arresting or curing the degen- 
erative changes in the lung tissue, treat- 
ment has been directed, first, to helping 
expiration by pressure on the chest 
wall during that phase: this may be 
applied with the hands, or by means 


of a special instrument, or by letting 
the patient breathe out into an arti- 
ficially lowered atmospheric pressure. 
In these methods inspiration is not 
affected. Secondly, artificial respira- 
tion has been carried out by appa- 
ratus devised to help both the inspira- 
tory and the expiratory process. 
Thirdly, exercises have been used 
to increase the power of the muscles 
used in each phase. Fourthly, an 
elastic shirt or corset has been worn 
to oppose inspiration while help- 
ing expiration. In reviewing these 
methods the author strongly recom- 
mends the last. He uses a vest com- 
posed of an elastic tissue, exerting 
pressure upon the lower part of 
the chest; by means of buckles the 
pressure can be varied. The vest is 
worn day and night. With this instru- 
ment the chest is kept in the expiratory 
position, in which the muscles of in- 
spiration act at the best advantage. The 
obstruction to breathing in is found to 
have no drawbacks. On the contrary, 
it is in those cases in which weakness 
of the inspiratory muscles is marked 
that the best results are obtained, and 
the vest can he tightened as the muscles 
get stronger. Wolf (Wiener Klinik, 
April, 1905). 

The writer gives iodine and arsenic 
and has the patient exercise in a 
Waldenburg apparatus, breathing in 
compressed air. In one of the causes 
described, the lungs have returned to 
normal size and the expiratory force 
has risen from 40 to 95, while the 
patient has gained about 20 pounds in 
weight. De Renzi (Gaz. degli os- 
pedali, xxviii, Nos. 30-36, 1907). 

Good 'results obtained from elastic 
webbing around the chest in pro- 
nounced cases. In a child whose 
chest expansion was reduced to of 
an inch, rest for a couple of months, 
with the cotton webbing, brought 
about complete restoration of respira- 
tory function, the expansion increas- 
ing to lYi inches. Macalister (Liver- 
pool Medico-Chir. Jour., Jan., 1914). 

For the spasmodic dyspnea, the 
more urgent its character and the 
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more akin to asthma, the greater will 
be the need of an opiate in some form. 
The acute attack having subsided, it 
will be advisable to use belladonna 
and the iodides, with strychnine used 
separately owing to its incompatibil- 
ity with the iodides. 

Elasticity in the chest wall is the main 
factor to be combated in the treatment 
of emphysema. Of the operative meas- 
ures which aim to restore this elas- 
ticity, chondrotomy is indicated before 
the condition has entailed atrophy of 
the muscles of respiration and severe 
disturbances in the circulation. (See 
below). Potassium iodide is still the 
best expectorant for ])roiichitis with 
emphysema. Epinephrin has a favor- 
able influence in asthma, probably from 
the anemia it induces in the mucosa of 
the finer ramifications of the bronchi, 
thus reducing the resistance to expira- 
tion. The benefit from sweating pro- 
cedures, electric light baths, is prob- 
ably from the same mechanism. All 
measures are rational and useful which 
aid in strengthening the muscles of 
respiration and promoting expiration 
of residual air. Of special importance 
is the strengthening of the diaphragm. 
Minkowski (Therapie dcr Gegenwart, 
Feb., 1912). 

Counterirritation, or cupping, dur- 
ing the acute phases should be re- 
sorted to, and in the intervals be- 
tween the acute attacks, at which 
time only should the exercises be 
practised; effort should be made, 
through tne medium of iron, arsenic, 
and strychnine, to improve the pa- 
tient’s nutrition. 

Particular attention, at all times, 
.should be given to the bowels, 
both with the idea of preventing 
tympanites, which mechanically in- 
terferes with respiration, and because 
the straining attendant upon constipa- 
tion is liable to further damage the 
pulmonary structures. 


The respiratory passages should be 
kept in an aseptic condition. The writer 
recommends : — 

R Bismuth suhuitraic. 

Boric acid aa gr. Ixxv (5 (uii.). 

Camphor, finely 
powdered gr. cl (10 Gm.). 

Cocaine hydro- 
chloride j’r. ■}io (0.019 Gm.*). 

Menthol gr. -34 (0048 Gm.). 

Mix llioroughly. Sig. : l^or a snuff. 

Before using the foregoing, the pass- 
ages may be washed with a 3 per cent, 
.solution of borax. The same solution, 
flavored with mentholated alcohol, may 
be used for the mouth and throat, or a 
good liquid dentifrice will serve. 

As to internal treatment by drugs, the 
writer prescribes : — 

B Sodium arsenate, gr. ->4 (0.048 Gm.). 

Potassium iodide, gr. Ixxv (5 Gm.). 

Distilled zvater.. 3x (3(K) c.c.). 

M. Sig. : Large tablosjmonful ten 
minutes before meals. Continue for ten 
days, then intermit. 

l"or the ten days of intermission, 
order : — 

B .Strychnine sul- 
phate gr. %o (0.03 Gm.). 

Distilled zmter. 3x (3(X) c.c.). 

M. Sig.: Dessertspoonful twice a day. 

All treatment of pulmonary emphy- 
sema is more or less palliative, as the 
condition is essentially chronic. Robin 
(Therap. usuelle du praticien, 1911; 

N. Y. Med. Jonr., Sept. 9, 1911). 

Turpentine, tercbene, cubebs, co 
])aiba and such remedies of alleged 
value, where the expectoration is ex- 
cessive, possess very little, if any, 
efficacy, at the same time having the 
disadvantage of greatly disturbing 
digestion. An occasional blue mass 
pill or a dose of calomel at bedtime, 
followed by a saline in the morning. 
In those who, for any reason, will not 
or can not exercise, the more or less 
continuous use of fluidcxtract of cas- 
cara may be employed, both for theiV 
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effect on the bowels and indirectly 
for their effect in improving digestive 
secretions. In the later stages, w^hen 
cardiovascular symptoms supervene, 
venesection may be necessary, and, 
indeed, is sometimes absolutely de- 
manded to relieve overdistention of 
the right heart. Some one of the 
digitalis group, preferably the infu- 
sion or the tincture of digitalis, may 
then be employed. 

The writer resorted to bleeding, 
withdrawing;? ahoiil 250 Gm. blood, and 
injected camphorated oil, and under 
these measures the man of 70 was 
materially relieved from his sudden 
menacinf? sulTocation. Galliard (Bull, 
de la Soc. med. des hop. de Paris, 
Oct. 19, 1917). 

Surgical measures, particularly 
Freund’s chondrotomy or resection of 
costal cartilages that are the seat of 
pathological changes which annul 
their elasticity and prevent the de- 
scent of the ribs, thus giving the chest 
the characteristic barrel“.shape, are use- 
ful in some cases. 

Freund’s operation is indicated where 
the pathological findings are as fol- 
lows: the costal cartilages are of a 
dirty yellow color, in a state of fibril- 
lation and cystic, showing also cal- 
careous deposits which cause them to 
become increased in size; they are 
hardened, brittle, and devoid of their 
normal elasticity. When such changes 
are present, the proper excursion or 
motion of the corresponding ribs is 
interfered with. The cartilages of the 
second and third ribs of the right side 
are most frequently involved, but 
these changes may involve all the 
costal cartilages. The first cartilage, 
however, is rarely, and then usually 
the last, to be involved in this disease. 
With the degeneration of the car- 
tilages and the accompanying rigidity 
of the ribs, the sternum is forced out- 
ward and contributes eventually to 
, the formation of the rigid barrel- 
shaped thorax, which retains the lung 


in a continued stale of distention. 
With the increase in the diameters of 
the chest, the normal function of the 
diaphragm is interfered with, and the 
muscle shows evidcMices of atrophy 
and fatty degeneration. By removing 
or resecting the offending cartilages, 
the proper functioning power of the 
chest may be restored; the ribs will 
be permitted to exercise their proper 
range of motion, and the proper ex- 
piratory efforts of the lungs will be 
facilitated. The writers found that 
Freund’s operation is of great benefit 
in emphysema with a rigid, dilated 
condition of the thorax. Goodman 
and Wachsmann (Med. Rec., May 16, 
1908). 

Freund’s operation done in 30 cases; 
in 80 per cent, the result was either a 
cure or an amcliorati('>n, the cure being 
based on the return of working capac- 
ity of the individual and the disap- 
pearance of the broncho-asthmatic 
phenomena. There were: Cures, 20 
per cent.; improvement, 62.7 per cent.; 
stationary, 13.3 per cent.; deaths, 3.3 
per cent. The ultimate outcome was 
also satisfactory. In 6 all respiratory 
disturbances disappeared — in 1 for 6 
years and in 2 ft)r 4 years. The 
operation was bilateral in 1 case and 
lasting improvement resulted. E. 
Bircher (Deut. med. Woch., Feb. 28, 
1918). 

Alarming cyanosis and dyspnea fol- 
lowed the injection of 200 c.c. of nitro- 
gen in a man of 48 years with emphy- 
sema and tuberculous infiltration of 
the right upper lobe. Pulmonary con- 
gestion followed and the man died in 
3 weeks. A warning is given against 
artificial pneumothorax in emphysema. 
Wulff (Berl. klin. Woch., Dec. 26, 
1921). 

The writer had 5 emphysema patients 
treated with partial pneumothorax. It 
diminished the residual air and the 
patients felt decidedly better. He 
learned the procedure is used in em- 
physema of horses. Schwenkenbecher 
attempted it once in a man but de- 
sisted, because the patient complained 
of severe pains. Ganter (Miinch. med. 
Woch., Feb. 5, 1926). 
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It cannot be urged too strongly that 
routine physical examinations should 
be made of all patients presenting 
themselves for treatment, irrespective 
of the condition. It will often be pos- 
sible to detect those morbid states 
which invite the development of em- 
physema and to recognize early 
stages of that disease at a time when 
it may be possible to be of distinct 
service. 

W. Egbert Robertson, 

Philadelphia. 

EMPHYSEMA, SUBCUTANE- 

OUS. — Besides the pulmonary emphysema 
described above, there arc others in which 
the spaces of connective tisane under the 
skin become infiltrated with air, viz., cutane- 
ous or subcutaneous emphysema. There arc 
besides, the artificial or false forms in which 
gases of microbic origin are the pathogenic 
agents, viz., septic or gangrenous emphysema. 
(See Gangrene.) Traumatic emphysema 
and surgical emphysema are additional types 
due, as their names indicate, to trauniatisin 
or injuries and to surgical procedures, which 
were referred to under the preceding 
heading. 

SYMPTOMS . — Subcutaneous emphy- 
sema — the only type here considered — 
appears as an ill-defined edematous .swell- 
ing which pits under pressure, imparting 
to the linger a line crackling sensation. 
After rupture of the lung it rarely occurs 
unless there is pneumothorax. The em- 
physema first appears at the root of the 
neck about the trachea and great vessels, 
reaching there along the bronchi, trachea, 
and vessels from the pleura. It also in- 
filtrates the tissues about any wound in 
the parietal pleura. 

After wounds of the lung there is often 
an infiltration of air about the external 
wound, and this is especially liable to occur 
if the wound is small or roughly sutured so 
that the air may, by the variations of intra- 
thoracic pressure, be forced into the deeper 
tissues, but not through the skin. 

TREATMENT. — Circumscribed subcu- 
taneous emphysema is rarely a matter of any 
moment; it is usually slight m extent and 
quickly absorbed. It rarely ends in suppura- 


tion. But if the laceration in the lung acts 
as a valve, pumping air into the lung with 
each inspiration and allowing none to escape 
with exjii ration, the emphysema may spread 
over all the thorax, even over the whole 
body, in which case the danger is from 
suffocation. 

Half an hour after being run over by 
a wagon, a robust, S-year-old boy was 
found to be suffering from emphysema, 
extending over the whole body except 
the palms and soles. Penis and scrotum 
were so iiuffed up as to resemble oblong 
rubber balls, and an attempt to hold 
the eyelids open with adhesive straps 
proved unavailing because of the tense 
state of the skin. The tissues under the 
scalp were al.so involved, crackling 
being distinctly perceived. The skin of 
the whole body was tense and pale. 
There were slight contusions on the 
elbow and chest. Respiration was 
labored. Palpation disclosed fractures 
f)f the sternum and second right rib. 
Three hours later the emphysema had 
so increased as materially to interfere 
with respiration ; skin stretched almost 
to the limit of its elasticity; increasing 
cj'anosis. On incising the chest the 
effect was instantaneous, as if a tense 
rubber ball had been pricked, and 
breathing immediately became deeper 
and slower. Two rublier drainage- 
tubes wxre inserted and left in for five 
days. C. ti. MoHn (Brooklyn Med. 
Jour., Oct., 1897). 

A child of 8 years with Pott’s disease 
began to cry out, became excited, and 
complained of severe headache. This 
was followed by stiffness of the neck, 
photophobia and obstinate constipation, 
and the diagnosis of tuberculous menin- 
gitis was made. Suddenly respiration 
became labored, Cheync-Stokes, the eye- 
lids and cheeks swelled up, and the eye- 
balls protruded. This edema gave a 
fine crepitation and was evidently sub- 
cutaneous emiihysema. Soon both sides 
of the neck and the upper part of the 
chest were involved and the patient was 
comatose. She rallied somewhat for a 
time, but the emphysema progressed, 
and death took place aften ten days. 
At the post mortem there was found 
an intrapulmonary rupture of a sub- 
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pleural tubercle, without perforation of 
the pleura. The air penetrated the in- 
terlobular tissue, and thence reached 
the mediastinum, neck, and face. P. 
Guillaume-Louis (Arch. gen. de med., 
Aug. 18, 1903). 

The emphysema in the writer’s case 
occurred in the face during the first 
stage of labor. The swelling increased 
and was accompanied by cyanosis 
during the pains. The crackling sensa- 
tion of subcutaneous emphysema was 
found present over the swollen area, 
extending over the neck and right side 
of the face; the right palpebral fissure 
was reduced to a slit. Forceps were 
applied and the patient was delivered 
of a living child. Within about seven 
hours the emphysema was widespread. 
There was some pain in the chest and 
at the back of the neck, but the patient 
appeared to be little the worse. She 
made a good recovery, all the swelling 
disappearing in eight days. Stock 
(Lancet, March 16, 1912). 

The treatment is multiple incisions. At 
the same time the intrathoracic pressure 
must be relieved by paracentesis or drainage. 

Emphysema following exploratory 
puncture of the chest has rarely been 
reported. Three cases are related. 

In puncturing the chest one must not 
forget the possible proximity of firm 
and unyielding lung tissue to the chest 
wall, and the author thinks the opera- 
tion is too often undertaken with dis- 
regard of the element of danger, 
especially in children. When a small 
collection of fluid overlies a more or 
less consolidated lung, diagnosis by per- 
cussion and auscultation is often un- 
satisfactory, and puncture becomes 
imperative, but the lung must be 
avoided unless one is searching for an 
intrapulrnonary collection of fluid. 
Gittings (Arch, of Ted., Jan., 1908). 

Case of a primipara, aged 33, who, 
after a prolonged labor in which de- 
livery was effected by axis traction 
forceps, gave birth to a male child on 
Sept. 22, 1910. Although the heart 
was working well, artificial respiration 
had to be employed for about twenty 
minutes as the infant at first refused 


to breathe, and a large quantity of 
liquor amnii was expressed from the 
mouth and nose. The following day 
acute edema developed over the head, 
thorax and scrotum. The bowels and 
urine were normal. On September 
26th, the child, which had been crying 
lustily for the last twenty-four hours, 
suddenly became silent. The edema 
was then being rapidly replaced by a 
subcutaneous emphysema over the front 
and back of the head and thorax. The 
child could swallow well, but had com- 
plete aphonia. The breathing was 
sliglitly stridulous ; there was no cough. 

Hot fomentations were applied to 
the neck, the nostril and nasopharynx 
were sprayed with normal saline solu- 
tion, and 3 nt (0.18 c.c.) doses of wine 
of ipecacuanha were given every two 
hours. At midnight the emphysema 
had increased, and there was consider- 
able dyspnea. Rales and rhonchi were 
heard over both lungs, the respirations 
were 48, and the pulse was feeble. The 
infant was listless and showed no desire 
for food. Hot fomentations were 
then applied to the chest and back and 
20 iix (1.25 c.c.) of brandy were given 
every hour, together with wine of 
ipecacuanha and syrup of tolu and 
squills. The following day, September 
29, the child was better generally, and 
took its food well. The emphysema 
was less on October 1, the child could 
cry loudly and the emphysema had 
almost gone. Recovery followed. 
(Brit. Jour, of Children’s Dis., Feb., 
1911). 

In 2 children — 18 months and 2 
years of age — with mediastinal and 
subcutaneous emphysema, the pro- 
gnosis was grave. A transverse in- 
cision, 5 to 6 cm. long, was made in 
the jugular fossa, to allow the air to 
escape, and the children put for a few 
days into an oxygen chamber, while 
keeping them somnolent with pheno- 
barbital-sodium. Reimold (Klin. Woch., 
Feb. 26, 1926). S. 

EMPYEMA. See Pleurisy. 

ENCEPHALITIS. See Meninges 
AND Brain, Diseases of. 



475 


ENDOCARDIUM AND VALVES. DISEASES OF (VICKERY). 


ENDOCARDIUM AND 
VALVES, DISEASES OF. -Under 
this head will be considered the vari- 
ous inflammatory disorders of the en 
docardium and of the cardiac valves 
which form part of the endocardium. 

ENDOCARDITIS.— DEFINI- 
TION. — Inflammation of the mem- 
brane lining the cavities of the heart. 
The process may be acute or chronic. 
The acute form is variously described 
as ‘‘simple,” “benign,” or “verru- 
cose,” and “ulcerative,” “septic,” or 
“malignant,” according to the mild- 
ness or severity of the disease; but 
between these two forms there is in 
reality no dividing line. The disease 
attacks mainly the valves of the heart. 

ACUTE ENDOCARDITIS. 

SYMPTOMS. — The onset of acute 
endocarditis is insidious. There may 
be no symptoms which call especial 
attention to the organ affected. There 
may be a slight rise of temperature 
and some quickening, and possibly 
some irregularity, of the pulse. In 
the benign form there may be no evi- 
dence of the disease until two or 
three months after it has run its 
course, when impairment of the 
valves is detected. In some cases 
there is prccordial pain, or, if the pa- 
tient is a child, there may be epigas- 
tric distress, with vomiting. The 
pulse is of low tension, and the pa- 
tient may be restless and anxious, and 
may prefer a somewhat recumbent 
to a horizontal position. F.xaniina- 
tion of the heart will disclose in most 
cases a murmur, usually of a blowing 
character, and usually systolic in time. 
It may accompany or replace the nor- 
mal sound. Before there is an actual 
murmur, it may be possible to detect 
an impurity and prolongation of the 


first sound of the heart, indicating in- 
volvement of the mitral valve. Even 
in the malignant form the symptoms 
may be masked by those of the orig- 
inal disease. In the severer cases 
sometimes there is a true chill or a 
succession of chills, and the fever 
may be cither typhoidal or intermit- 
tent or remittent in its character. The 
patient gives evidence of great pros- 
tration. The pulse is rapid and irreg- 
ular; the body bathed in profuse 
perspiration ; the spleen enlarged and 
tender. There may be a rose-colored 
eruption upon the body; more often 
petechije are seen. The number of 
white corpuscles in the blood is 
greatly increased. 

In some cases, even the worst, care- 
ful and re])ealcd examination by 
competent observers may detect no 
cardiac murmur whatever. 

The simple form may give rise to 
embolism in different ])arts of the 
body, and may also be complicated 
by pleurisy or pneumonia. The ma- 
lignant form is still more apt to give 
rise to emboli than is the simple form, 
and also frequently distributes infec- 
tion. In fact, scarcely any tissue is 
exempt from these dangers. Thus, 
there may be embolism of the brachial, 
femoral, or external iliac arteries, or 
of the capillaries of the skin. There 
may be infarctions in the spleen, caus- 
ing a swelling and tenderness of that 
organ; in the kidneys, giving rise to 
renal hemorrhage; in the brain, with 
resulting paralysis or softening; in 
the intestines, with bloody stools. 
The retina, conjunctiva, gums, pa- 
rotid gland, and stomach may be af- 
fected. In some cases there is acute 
jaundice, with symptoms simulating 
acute yellow atrophy of the liver, and, 
as just stated, these lesions are not 
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merely mechanical, but infectious, and 
apt to give rise to supjm ration. 

When acute endocarditis is due to 
recurrence of inilammation in a valve 
previously librotic, abscesses are un- 
usual. 

The duration of the disease in the 
milder cases is usually from two to 
six weeks, jx'rhaps in most instances 
about four weeks. The malignant 
cases may reach a fatal termination 
in one or two days, or, again, they 
may be ])rolonge(l for several months 
or a year, and then prove fatal. Some 
cases of sim])le endocarditis are not 
sus])ected during their course nor be- 
trayed by scqueloi ; thus, minute vege- 
tations may be found, post mortem, 
upon the valves of patients who die 
of consumption or of carcinoma, 
which have been of no importance 
whatever. The great harm that sim- 
ple endocarditis docs the patient is 
not immediate, but consists in laying 
a foundation for ultimate changes in 
the valves, which impair the func- 
tional integrity of the heart. 

As seen in practice, infective or 
ulcerative endocarditis does not always 
correspond with the description in 
books. In a series of case.s witnessed 
by the writer, the most prominent symp- 
tom was oscillation of the temperature, 
with rigor or evidence of infarction. 
Other symptoms were petechias of the 
extremities, vomiting, ashy discoloration 
of the skin, and heart miinnurs. N. 
Tirard (Practitioner, Nov., 1908). 

Nervous symptoms which may be 
present and of some diagnostic service 
in prolonged malignant endocarditis 
have been emphasized by the writers. 
Sometimes nervous symptoms may 
dominate the clinical picture, as in a 
fatal case the writers report, in which 
Kernig’s sign, neck rigidity, aphasia, 
flaccid hemiplegia, facial paralysis, and 
Babinski’s sign were present. Occa- 
sionally these symptoms occur early 


instead of late. In general, they are 
atypical and diffuse. The meningeal 
signs may be due to circumscribed 
hemorrhages. The condition may sug- 
gest tuberculous, cerebrospinal, or 
syphilitic meningitis, or acute tuber- 
culosis. Lumbar puncture and blood 
cultures are important aids in the dia- 
gnosis. Claude and Oury (Rev. de 
med., Aug.-Sept., 1922). 

DIAGNOSIS. — The first question 
to settle with regard to diagnosis is 
whether any endocarditis exists at 
all, and, secondly, whether the form 
is simple or malignant. There may 
be no objective cardiac signs distinct- 
ive of the disease. Usually, however, 
there is a systolic apical murmur, and 
the heart is enlarged, with a more 
widely diffused impulse than normal, 
and an excited — though feeble — ac- 
tion. 

It should be borne in mind that 
many of the diseases with which 
acute endocarditis is etiologically as- 
sociated give rise to functional car- 
diac iiiurniurs, so that the mere dis- 
covery of an al)nornial sound over 
the heart docs not establish the dia- 
gnosis. 

Typhoid fever is more gradual in 
its onset and has a small number of 
white blood-corpuscles contrasted 
with the leucocytosis of endocarditis, 
and an infrequent pulse. Moreover, 
the Widal reaction is distinctive of 
typhoid, as would also be the discov- 
ery of typhoid bacilli in the blood or 
the stools. Typhoid may give rise to 
infarctions, and to inflammation of 
the parotid, but not often. 

Acute tuberculosis has its hectic 
fever, rapid wasting, possible pul- 
monary signs, sometimes tubercle ba- 
cilli, and, as a rule, no objective car- 
diac symptoms. 

Malarial fever may be recognized 
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by the discovery of the characteristic 
organisms in the blood. 

Septicemia and pyemia have symp- 
toms identical with those seen in cer- 
tain forms of malignant endocarditis, 
which disease has, indeed, been called 
an arterial pyemia. In some acute 
cases there is possibility of confusion 
with typhus fever, cerebrospinal men- 
ingitis, abscess of the liver, and hem- 
orrhagic small-pox. 

In severe infectious diseases, unless 
there be signs of obstruction of a 
valve, it may be inipossi1)le to deter- 
mine whether there l:)e endocarditis or 
a myocarditis due to toxins, rendering 
the wall flabby and the mitral valve 
relatively incompetent. 

Painful nodules in the skin, petechie'e 
in the skin, mouth and conjunctiva; 
Gram-positive diplococci in the urine 
when a local cause can be excluded; 
and the characteristic diplostrepto- 
eoccus in the blood are all suggestive 
signs. Dickson and Wilbur (Calif. 
State Jour, of Med., Nov., 1914). 

The writer bases the diagnosis of 
.septic endocarditis in many cases on 
findings other than positive blood- 
cultures, viz., (1) Irregular fever for 
many months. (2) Absence of demon- 
strable lesions other than those of 
the heart. (3) Minute petcchiae. (4) 
Development of loud, harsh murmurs. 
(5) Marked irritability of the heart, 
shown by overaction, and wide fluc- 
tuations in the pulse-rate and char- 
acter, irrespective of the temi)eraturc- 
curve. Pyorrhea alvecflaris may ac- 
count for many otherwise obscure 
cases. W. Gilman Thompson (Vt. 
Med. Mthly., Feb., 1914). 

The writer found the spleen often 
greatly enlarged in patients who had 
died of acute or recurring endocarditis, 
independently of liver enlargement. It 
also occurred in cases of non-cardiac 
streptococcic infection, and about half 
as often in chronic cardiac disease. 
He considers it an important diagnos- 
tic sign in acute and recurring endo- 
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carditis. J. 11. Arnett (Amer. Jour. 
Med. Sci., Apr., 1922). 

ETIOLOGY. — Endocarditis is an 
infectious disease, and almost always 
secondary to .some other. It is most 
frequently an expression of rheuma- 
tism. It may follow tonsillitis, pleu- 
risy, chorea, measles, small- pox, and 
any acute infectious disease, particu- 
larly scarlet fever. Pneumonia, in- 
fluenza, erysipelas, gonorrhea, ])eri- 
carditis, and meningitis may ]^resent 
this complication, as may also, in rare 
instances, typhoid fever, tuberculosis, 
and diphtheria. 

The writers compared 80 cases of 
subacute bacterial cudocanliiis that 
came to necropsy wdth 35 cases of 
rheumatic endocarditi.s, 18 of which 
also came to necropsy. The remaining 
17 were typical cases of rheumatic 
endocarditis clinically. Streptococcus 
viriilans was isolated from all of them. 
Rheumallc lesions can be produced in 
rabbits by injecting streptococci. Those 
of the viridans strains seem responsible 
for rheumatic and subacute bacterial 
endocarditis. Clawson and Bell (Arch, 
of Int. Med., Jan. 15, 1926). 

Osteomyelitis, puerperal fever (as 
well as other vaginal or uterine affec- 
tions), em])ycma, bronchiectasis, e.x- 
teriial wounds, and any form of septi- 
cemia may occasion endocarditis. 
Cancer, gout, diabetes, and Bright’s 
di.sea.se may also give rise to this 
disorder. 

Almost invariably .some form of 
bacteria is found in tlie lesions, but 
there does not seem to be any bac- 
terium ])eculiar to the disease. In 
rheumatic cases Small incriminates 
the Streptococcus cardioarthritidis, but 
in both the simple and malignant forms 
the ordinary ])yogcnic micro-organisms 
are those most often encountered, 
namely, streptococci, .staphylococci, 
pneumococci, and gonococci. 
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Case of meningococcus endocarditis 
with septicemia. The meningococcus, 
in spite of its affinity for the menin- 
ges, may at times become lodged on 
the endocardium, with the production 
of an acute vegetative endocarditis. 
In this respect it resembles most of 
the other pathogenic bacteria, which, 
while showing a predilection for some 
particular organ or tissue, may occa- 
sionally prt>duce serious lesions in 
other parts of the body. The symp- 
toms and pathological anatomy of 
meningococcus endocarditis correspond 
to those which characterize malignant 
endocarditis of streptococcus or pneu- 
mococcus origin. It may or may not 
be associated with cerebrospinal men- 
ingitis. Cecil and Soper (Arch, of In- 
tern. Med., July. 1911). 

Diseases of the heart should not be 
regarded from the old standpoint of 
stenosis or regurgitation of a certain 
valve, but the heart should be treated 
as an organ invaded in the process of 
a bacteriemia. From this point of 
view a careful etiological qualification 
of the infective agent should be 
studied. The symptom-complex arousing 
suspicion of acute endocarditis con- 
sists of the iiresence of an apical 
systolic murmur not modified by pres- 
sure with the stethoscope or by respira- 
tory pauses, an irregular pulse, and a 
misplaced apex beat with or without 
an increase in cardiac dullness follow- 
ing any infectious process. Other 
symptoms may be embolism producing 
hemiplegia, and also jiunctate hemor- 
rhages into the skin and mucous mem- 
branes, while a blood culture and 
leucocyte count may aid in diagnosis. 
G. H. Withers (111. Med. Jour., Apr., 
1917). 

Two cases of endocarditis occurred 
in young girls, sisters, and the only 2 
children in the family. Both had at- 
tacks of tonsillitis, chorea, rheuma- 
tism and resulting cardiac trouble as 
a sequel. Both patients had 2 attacks 
of acute endocardial inflammation, 
followed by cardiac decompensation, 
with kidney breakdown. Both girls 
had not begun to menstruate, although 
I4y2 years of age. The attacks came 


on at the same age. The older girl 
died several years ago, and the younger 
one has just gone through a severe 
second attack of acute endocarditis and 
is now suffering from a marked en- 
largement of the heart, cardiac decom- 
pensation and parenchymatous neph- 
ritis with general anasarca. H. I. 
Gold.stein (N. J. Med. Soc. Jour., Jan., 
1918). 

A state of stihacufe bacterial endo- 
carditis f)f the Streptococcus viridans 
type was observed in 17 patients by 
the writer. In any heart case with 
irregular, remittent fever, loss of 
weight, joint pains, myalgia, progres- 
sive anemia of secondary type, anorexia, 
moderate leukocytosis, and the char- 
acteristics of a mild or moderate sep- 
ticemia, persistent blood cultures should 
be made, and the organism will be 
found in 90 per cent. The majority of 
the author’s cases began with a throat 
infection. L. II. Behrens (Ann. of 
Clin. Med., Sept., 1924). 

Before 1)irth the right .side of the 
heart i.s almost exclusively affected ; 
after birth, the left. Early adult life 
furnishes a majority of the cases, and, 
according to some late statistics, men 
are somewhat more liable to the dis- 
ease than women. 

Several cases have been ascribed to 
traumatism. 

Case of a musician, aged 35, who, re- 
turning from a playing engagement in 
the early morning hours, was attacked 
by foot-pads. He escaped and reached 
home utterly spent and exhausted. For 
half an hour he had to stand up and 
struggle for breath. The sense of suf- 
focation, however, gradually left him 
and was followed by a depressing pal- 
pitation lasting until the next day. 
Two or three months later it returned 
and has been intermittingly troubling 
him ever since. Examination showed a 
presystolic thrill in the apex region, a 
loud churning presystolic mitral mur- 
mur, accentuation of the second pul- 
monic sound and also, on a later 
examination, a doubling of the second 
sound at the base of the heart. Before 
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the episode mentioned he was perfectly 
sound and well so far as known and his 
history was negative as regards disease. 
While admitting the difficulty uf proving 
a given case of heart disease to be the 
result of trauma, the writer believes 
the endocardial lesion was the direct 
result of the violent strain and exertion. 
D. Riesnian (Jour. Amer. Med. Assoc., 
Sept. 30, 1911). 

PATHOLOGY. — It has already 
been said that clinically there is no 
dividing line between the simple and 
malignant forms of endocarditis. This 
is also true pathologically. The sim- 
plest lesions consist of minute warty 
vegetations, varying from 1 to 4 mm. 
in diameter, seated upon the valves. 
These arc composed of fibrin, leuco- 
cytes, blood-platelets, and micro-or- 
ganisms. Sometimes the vegetations 
are so abundant as to obstruct the 
valvular orifice. Even in the simple 
form (endocarditis verrucosa) there 
is more or less ulceration of the 
valvular endocardium. In the malig- 
nant form (endocarditis ulcerosa vel 
diphtheritica) necrosis is more ex- 
tensive. The valve may be so thinned 
as to give way under the pressure of 
the blood, tlius producing a valvular 
aneurism, or actual perforation of the 
valve. A portion of the valve may be 
broken off, or some of the chordae ten- 
dinere may be ruptured. 

Case in which rupture of the chordae 
tendincae followed an attack of acute 
endocarditis during which the chordae 
became enlarged and softened, patho- 
logical changes which favored their 
rupture. Fifty cases of ruptured 
chordai were found in literature, divided 
into 5 classes. In 7 cases the rupture 
was due to severe traumata, such as 
fractured ribs from violent compression, 
falls from a considerable height, stab 
wounds, gunshot wounds, and the kick 
of a horse. Five cases were due to ef- 
forts, such as straining, lifting, excess- 
ive fatigue, and severe cough in which 


no endocardial lesions were disclosed by 
the autopsy. In 9 cases the rupture 
was due to or preceded by strain, with- 
out endocardial or myocardial lesions. 
In 19 cases, in which no endocardial 
lesion was found, there was no history 
of strain or trauma. The writer’s case 
had a presystolic murmur without 
mitral stenosis. L. b'. Frissell (Med. 
Record, April JO, 1912). 

The vegetations arc situated mainly 
on that surface of the valve which is 
opposed tt> the hhxxl-ciirrent. Thus, 
the lower surface of the aortic valves 
and the upper surface of the mitral 
valves arc chiefly affected. 

As the result of a study of 287 cases 
of endocarditis, both acute and chronic, 
w'hich came to the autopsy talile, the 
author found that myocardial disease is 
pre.seiit in greater or less degree in prac- 
tically all cases. In most instances the 
myocardial change is not determined by 
and is not the direct result of the endo- 
carditis, but is caused independently by 
the same, aifiliated, or entirely inde- 
pendent conditions. The form most 
frequently seen in chronic or late acute 
cases is fatty degeneration, a lesii^n 
which differs in no material, bisto- 
clieinical respect from that involving 
vohmtary muscle. From analogy, it 
seems that this degeneration in most 
instances succeeds a primary jiarenchy- 
matous alteration. As a sequence to 
fatty degeneration, fd)rous replacement 
and probably brown atrophy frequently 
appear. Treatment in endocarditis is 
mostly based on recognition of the 
dominance of the muscle factor, and in 
nearly all, except possibly syphilitic, 
cases it is without efTect on the valvular 
change. Harlow l>rooks (Amer. Jour. 
Med. .Sci., Dec., 1911). 

To ascertain how an infection takes 
place, whether by direct inoculation or 
by septic emboli and thrombi in the 
vessels of the leaflets the writer con- 
ducted an investigation. His results 
agreed with those of Ribbert, Orth and 
others, that the cocci were deposited 
upon the leaflets from the circulating 
blood and not within them as emboli. 
The possibility of an embolic origin of 
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endocarditis in man is not denied, yet 
none of the experiments furnishes any 
basis for sueh a belief. Lissaiier (Zen- 
tralhl. f. alljr. Path. u. path. Anat., 
March 15, 1912). 

'Exceptionally the heart wall suf- 
fers, sometimes leading to cardiac an- 
eurism, or perforation of the ventric- 
ular septum, or perforation into the 
pericardium. 

"J'he associated lesions peculiar to 
endocarditis are mainly caused by 
emboli, and, yet, it is a surprising fact 
that sometimes, even when the valv- 
ular lesions arc decidedly ulcerative, 
no evidence of embolism may be 
found post mortem. 

The term ''endocarditis Icnta' is ap- 
plied by the writer to an infection local- 
ized in the endocardium, the germs 
sallying forth thence occasionally into 
the blood. The germ in question he 
had isolated ten years ago, entitling 
it the Streptococcus mitior sen viridans; 
it is not very virulent but induces necro- 
sis in parts of the endocardium, leading 
to wart-like elllorescences and causing 
a clinical picture distinguished by the 
insidious onset, the vague slight pains in 
the joints and groups of muscles, with 
palpitations and dyspnea and a dry 
cough, the latter causing the suspicion 
of a lung rather than of a valvular af- 
fection, especially if the patients arc 
pale and anemic. In the ca.ses in his 
experience there were evidences of 
mitral endocarditis. At first there were 
no audible murmurs in some cases, but 
the persistent fever suggested the true 
diagnosis. Schottmuller (Munch, mcd. 
Woch., March 29, 1910). 

Schottrniiller’s endocarditis lenta, 
caused by the S. viridans, has a .suffi- 
ciently distinctive picture to deserve 
recognition as a separate clinical entity. 
While cases of chronic endocarditis 
may also be due to the B. influens(p, S. 
pyogenes, or pneumococcus, such cases 
should be distinguished from those due 
to S. viridans, just as epidemic cerebro- 
spinal meningitis, for example, is dis- 
tinguished from meningitis due to the 


B. tuberculosis, B. inftuensce or S. pyo- 
genes. Major (Bull. Johns Hopkins 
Ilosp., Nov., 1912). 

Anhemolytic streptococci were iso- 
lated in 9 out of 11 cases by the writer. 
One case recovered following large 
doses of sodium cacodylate intraven- 
ously. W. L. Bierriiig (Wis. Med. 
Jour., Nov., 1923). 

Embolism affects the spleen and 
kidneys most frequently, and also 
many other organs, as above enumer- 
ated. If the right side of the heart 
is affected, there may be multiple 
j^ulmonary abscesses. 

A study of the lesions produced ex- 
j)erimentally by the injection of spar- 
teine sulphate followed by the injection 
of adrenalin chloride showed that drugs 
introduced into the circulation produce 
proliferative changes in the endocar- 
dium. The most marked changi’s were 
in the endocardium covering the papil- 
lary muscles, though they occurred else- 
where, even in the auricle.s. The valves 
were free in most cases. The endocar- 
dial lesions were i)ractical1y confined to 
the animals tlnit received sparteine 
sulphate and adrenalin chloride. Uran- 
ium nitrate, ])Otassium bichromate, and 
arsenic in various forms caused constant 
renal changes, but had no effect upon 
the endocardium. Christian and Walker 
(Proc. Amer. Soc. Adv. of Clin., 1910). 

PROGNOSIS. — First, it is possible 
for very slightly developed cases of 
simple acute endocarditis to recover 
without any real damage. The great 
danger from the non-ulcerative form, 
besides embolism, is the setting up of 
a chronic fibroid deterioration of the 
valve, ultimately impairing its effi- 
ciency. 

In rheumatic endocarditis the pres- 
ence of rheumatic nodules over the 
bony prominences of the joints, in 
children and young adults, indicates 
that the attack is severe. 

The malignant forms are almost 
invariably fatal. Cases in which the 
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acute process has been kindled upon 
the remains of a former valvular in- 
flammation are somewhat more hope- 
ful. 

TREATMENT. — First, prophy- 
laxis: Persons with rheumatic tend- 
encies should be guarded a^t^ainst 
attacks by cold sponging, woolen 
underclothing, and avoidance of cold 
and wet. The tonsils, being a fre- 
quent gate of entrance for rheumatic 
and other infections, should be put in 
good order. 

When in a case of acute endocarditis 
examination shows any morbid condition 
of the tonsils, pure tincture of iodine 
should be applied to them with a earners 
hair pencil, daily. Editoks. 

Rheumatism and endocarditis are in 
{?rcat measure results of diseased or 
infected tonsils which should be re- 
moved. Even as a prophylactic meas- 
ure such tonsils are better out than 
in. B. R. Shurly (Detroit Med. Jour., 
Feb., 1911). 

In a study of the sequeljc of acute 
tonsillitis the writer refers to 6 cases 
in which tonsillectomy was performed 
during an attack of acute endocar- 
ditis with distinct benefit as regards 
the cardiac disorder. The milder at- 
tacks of tonsillitis arc more apt to be 
followed by arthritis than the severe. 
Cultures should be made from the 
tonsil in all cases of joint or heart in- 
volvement and i)roperly preserved. 
Harrison (So. Med. Jour., viii, 59, 
1915). 

In endocarditis complicating acute 
infections, resort should be had to sur- 
gical measures for the removal of foci 
of infection during the cardiac inflam- 
mation. C. A. Ray (South. Med. 
Jour., Oct., 1924). 

Patients who simultaneously suffer 
from rheumatism should be kept as 
quiet as possible. The salicylates do 
not seem to lessen the liability of such 
patients to endocarditis, may be 
that the administration of alkalies in 


sufficient amounts to keep the urine 
neutral is of some advantage. 

The use of salicylates and alkalies 
for the suppression of the rheumatic 
poisons is the best means by which' 
the effects of that poison on the car- 
diac tissue can be overcome. The 
application of leeches or of ice or of 
a succession of small blisters or of 
iodine over the precordium are all 
measures of relief useful in many in- 
stances. Choice must be made of the 
one most suitalile to the requirements 
of the case on hand. In many in- 
stances the pain and restlessness in 
the earlier stages of the illness are so 
intense as to necessitate the use of 
morphine. On the first evidence of 
cardiac failure strychnine ought to be 
given hypodermically and should be 
combined with digitalin, should the 
pulse, despite strychnine, remain 
small, quick, and irregular. If dysp- 
nea becomes urgent, and especially 
when it is accompanied by cyanosis, 
recourse should be had to inhalations 
of oxygen, Rankin (Practitioner, 
July, 1911). 

fn the various children’s diseases 
the only way in which we can protect 
the patients from cardiac complica- 
tions is by insuring bodily quiet and 
good ventilation and avoiding expo- 
sure to cold. 

In gonorrhea such internal antisep- 
tics as salol and urotropin are ad- 
visable. 

Second, when the disease has act- 
ually developed, an ice-bag wrapped 
in flannel may be kept over the heart 
if not disagreeable or depressing to 
the patient. Or, instead of this, a thin 
layer of cotton-wool may be applied. 
Violent counterirritants are not indi- 
cated. 

If the action of the heart is excited, 
bromide of sodium may be adminis- 
tered. Still more efficient, and in case 
of cardiac distress indispensable, is 
morphine, used in carefully regulated 
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amounts. In septicopyemic affection, 
besides the local measures, g^ood re- 
sults with 0.3 or 0.5 Gm. (5 to 7^ 
grains) quinine hydrochlorate several 
times a day to act on the bacteria in 
the blood are obtained. 

If there is stagnation of pulmonary 
circulation, ammonium carbonate is 
indicated. Aromatic spirit of am- 
monia is a good stimulant. If rheuma- 
tism is connected with it, chloride of 
gold, to ^ grain (0.008 to 0.016 Gm.) 
three times a day, is a line remedy in 
this condition ; so is fid. extr. cimici- 
fuga, 15 to 20 drops three or four times 
a day. Its aiitispasmodic, diuretic, and 
diaphoretic action is valuable and effi- 
cient ; small doses increase secretion ; 
full doses increase the force of the 
heart and slow the rate. Cimicifuga is 
a valuable remedy in endocarditis and 
other heart troule. Ammonia is a 
good stimulant, but whisky, or brandy, 
is the best general stimulant we have. 
Sparteine sulphate. Ml to grain 
(0.08 to 0.016 Gm.) is a good stimulant 
and tonic. These two last, used hypo- 
dermically, slow and strengthen the 
heart beat and increase the cutaneous 
and venous circulation. The author has 
used adonis vernalis successfully in 
combating “heart- failure,” pain, and 
dyspnea — tincture, 10 drops; adonidin, 
to J4 grain (0.016 Gm.) every three 
or four hours. E. C. Rothrock (Wise. 
Med. Recorder, June, 1908). 

Where there is marked danger of 
heart paralysis from acute dilatation 
nothing seems to be better than stro- 
phanthin, in doses of to 1 milligram 
(K 20 to %r> grain) given directly into a 
vein. The action is very rapid, but un- 
fortunately does not persist very long; 
so that it must be repeated, or other 
remedies must also be given. The drug 
is not so dangerous as some authors 
would have it, and as much as Ij^ 
milligrams (G4o grain) daily have been 
given on two successive days, and 8.5 
milligrams grain) altogether in 

eight days. The cumulative action is 
very slight. Within a few minutes the 
pulse will fall in frequency, will become 
more forcible, and the dyspnea and 


cyanosis will disappear. The drug is 
generally regarded the last resort in 
cases of extreme cardiac weakness, 
though it may fail when camphor will 
still revive the heart. Where a more 
lasting action is desired, subcutaneous 
doses of digitalone or digitalin-Nati- 
velle are in place. The latter resembles 
strophanthin very closely, but acts more 
slowly, while the action of the former 
is more prolonged. The technique of 
intravenous injection is very simple. It 
is better, however, first to introduce the 
needle without the syringe into the vein, 
so that none of the strophanthin solu- 
tion will be deposited into the subcu- 
taeous tissue. O. llornung (Munch, 
med. Woch., Sept. 26, 1908). 

Of great importance in these cases is 
absolute bodily quiet, and this should 
be maintained for at least four to six 
weeks. In case the heart begins to 
fail, recourse must be had to digitalis, 
strophanthus, alcohol, ammonia, and 
other cardiac stimulants, but in many 
cases their use will prove unavailing. 
Sometimes when the attack has been 
long continued, arsenic has been 
found beneficial. 

In 2 cases of malignant endocarditis 
treated by the writer in which blood 
cultures showed the presence of strep- 
tococcus viridans, an organism which 
produces a subacute but extremely fatal 
form, he obtained recovery in one case 
by injecting intravenously salvarsan. 
He has tried a great variety of other 
methods of treatment in such cases 
without success. Lorcy (Miinch. med. 
Woch., April 30, 1912). 

James Mackenzie is inclined to be- 
lieve that in rheumatic endocarditis 
the salicylates may do good, lie says 
that their employment is so fre- 
quently of use that it should always 
be tried, even pushing it at times. 
Lee states that large amounts of sa- 
licylate of sodium may be safely given, 
provided the bowels are kept open 
and the urine is kept alkaline with 
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bicarbonate of sodium, and provided, 
also, that the salicylate is temporarily 
suspended if unpleasant symptoms 
are produced. 

To promote sufficient refreshing sleep, 
moderate doses of bromide may be 
found useful, hut if not, other drugs 
should be used. The writer prefers 
among the various hypnotics chloral- 
amide or trional, but if these do not 
suffice, chloral or morphine. The 
former is reliable, but its depressant 
effects must be considered, and he would 
give it only in the excited sthenic heart 
of rheumatic endocarditis; in the myo- 
, cardial involvement, especially of pneu- 
monia and diphtheria, he would not 
employ it. Mori)hine is reliable and 
safer. F. S. Mcara (Jour. Amer. Med. 
Assoc., Feb. 3, 1912). 

In streptococcic endocarditis, anti- 
streptococcic serum occasionally suc- 
ceeds. In all cases of septic endo- 
carditis, diagnosed early by blood 
examination, antistreptococcic serum 
should at first be tried. If this fails, 
intravenous arsphenamin should be 
considered, and as a last resort, 
splenectomy. E. Munzer (Zentr. f. 
inn. Med., Apr. 17, 1920). 

Case in which acute endocarditis had 
followed sore throat. A streptococcus 
having been isolated from the blood, 
another person was immunized with a 
vaccine made from it and 4 blood 
transfusions of 500 to 600 c.c. each 
were carried out from this person to 
the patient within 5 weeks. A favor- 
able effect on the blood was noticed 
and the patient’s strength was main- 
tained by the procedure to a marked 
degree, but there was no definite 
change in the temperature, and death 
ultimately occurred. Levison (Jour. 
Lab. and Clin. Med., Jan., 1917). 

The writer carried out a procedure 
similar to the above in a case of 
malignant S, viridans endocarditis, a 
definite temporary improvement re- 
sulting. G. F. Dick (Jour. Amer. 
Med. Assoc., Apr. 22, 1922). 

Case of subacute infectious endo- 
carditis, confirmed by blood culture, in 
which series of daily injections of an 


autogenous vaccine seemed to benefit, 
the patient living nearly 2 years. 
1^'ontancl, Devic and 1\ Durand (Lyon 
med., Jan. 20, 1924). 

Report of a case of joint pains and 
severe endocarditis in which 3 im- 
munotransfusions were followed by 
marked improvement, the patient re- 
turning to his work. E. Wordley 
(Lancet, Aug. 2, 1924). 

Proni[)t nsponse to injections of 
gentian violet in a case of subacute 
infective endocarditis, llofer had found 
malachite green and crystal violet in ex- 
perimental guinea-pig septicemia mark- 
edly bactericidal. Major (Jour. Amer. 
Med. Assoc., Jan. 24, 1925). 

Specific sera and vaccines have also 
been used, hut are not very promising. 

Various antistreptococcal serums, 
especially the so-called polyvalent vari- 
ety, have been tried, but in view of 
the various micro-organisms, not to 
mention the many strains of strepto- 
cocci, which may be respmisihle for the 
disease, it is rather hard to select the 
proper serum. 'Phe vaccine treatment 
would seem to afford a better chance 
of success, but when one considers how 
difficult it must be for the protective 
substances, even if formed, to reach 
the micro-organisms deeply seated in 
Ihc affected valve through the very im- 
perfect and slender channels through 
which the l)lood-sui)i)ly reaches the 
valve, the chances of success do not 
seem very promising, and the vaccine 
treatment will in no way lessen the 
dangers of embolism. Moreover, in 
acute generalized infections, the vaccine 
treatment is not so helpful as in the 
case of focal lesions. Broadbent 
(Practitioner, July, 1910). 

CHRONIC ENDOCARDITIS. 

Chronic endocarditis may develop 
in a previously healthy valve. It is 
more often a sequela to acute endo- 
carditis. 

SYMPTOMS. — The symptoms are 
those of valvular disease of the heart, 
and are discussed under the next gen- 
eral head. 
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In the diagnosis of chronic endocardi- 
tis, it is important to adopt routine in 
the examination of the case in order 
not to overlook the condition present. 
The following order was adopted: 
Mitral incompetency, mitral stenosis and 
aortic regurgitation. True organic 
mitral regurgitation conforms to the 
following picture: 1, Soft, blowing, sys- 
tolic murmur, best heard at apex, but 
transmitted to axilla and to angle of 
left scapula; 2, accentuated pulmonic 
second sound; 3, enlargement of the 
heart — apex displaced downward and to 
the left, so that inspection and ausculta- 
tion afford the greatest information in 
this condition. In mitral stenosis the 
chief clinical findings are (1) a presys- 
tolic thrill, rough, grating, felt in fourth 
or fifth interspace inside nipple line, 
ending in (2) a sudden, snappy shock, 
synchronous with ventricular systole ; 
(3) a rough, presystolic murmur heard 
in and usually limited to the area of 
thrill, ending in (4) a loud, snappy 
first sound at the apex; (5) accentua- 
tion of second sound in pulmonary area. 
Aortic incompctency presents the fol- 
lowing group of signs: 1, The greatly 
displaced apex beat; 2, a long-drawn 
diastolic murmur heard at the base of 
the heart and best in the aortic area; 3, 
pulsating vessels in the neck, and 4, 
the water-hammer pulse of Corrigan. 
Rowntree (Jour. Med. Soc. of N. J., 
Feb., 1908). 

In a series of 14 cases the disease 
manifested itself clinically over varying 
periods of time. In one patient, the 
symptoms began two years before the 
real condition was recognized. One 
case began fourteen months before a defi- 
nite diagnosis was made. Another pa- 
tient probably suffered from the disease 
for more than two years, and in the 
earlier part of the illness the diagnosis 
of typhoid was made for a condition 
which was, in all probability, infectious 
endocarditis, the diagnosis having been 
based on the fact that there was fever 
and splenic enlargement. No rose 
'spots were found; there was no diar- 
rhea, and the.Widal reaction was nega- 
tive throughout. 

The infectious organisms found in 


the writer’s 14 cases were as follows: 
The pneumococcus, 11 cases; streptococ- 
cus, 3 cases. The organisms obtained in 
the 1 1 patients suffering from pneumo- 
coccemia had many of the morphologic 
characteristics of streptococci. Study 
of the organisms in culture and in 
animals proved that they were the 
pneumococcus. In one patient of this 
series the infectious endocarditis fol- 
lowed pneumonia. Tonsillitis had oc- 
curred in 2 cases. In the other patients 
the source of infection could not be 
learned. There can be no doubt what- 
ever that simple local infection like 
tonsillitis, as well as abscess of the 
aural cavities, infection of the postnasal 
space or the antra, and so forth, may be 
the port of entry. In some cases of this 
series the infection was implanted on an 
old endocardial or valvular scar. F. 
Billings (Arch, of Intern. Med., Nov., 
1909). 

Of the 76 patients with chronic and 
recurring verrucous endocarditis at the 
Basel university medical clinic, during 
the last four years, 16, that is, 21 per 
cent., recovered without any consecutive 
clinical functional disturbances. Even 
in cases in which a serious valvular de- 
fect was known to exist, the func- 
tional outcome was remarkably favor- 
able. C. Amsler (Correspondenzbl. f. 
schweizer Aerzte, April 10, 1912). 

Patients with chronic septicemic 
endocarditis and splenomegaly may 
become bacteria free and yet suc- 
cumb. The spleen is always en- 
larged and obscures the underlying 
heart effect. The disease may be mis- 
taken for splenic anemia. The ac- 
cumulation of bacteria in the spleen 
often prevents cure of the disease. In 
the case of a man 57 years of age, in 
whom Deaver removed the spleen, the 
condition cleared up after operation. 
Riesman (Trans. Assoc. Amer. Phys.; 
N. Y. Med. Jour., Sept. 14, 1918). 

The basal metabolic rate was found 
considerably increased in some cases 
of endocarditis lenta, in spite of the 
days or even weeks of normal tem- 
perature interrupting the usually slightly 
febrile course. H. (jessler (Arch. f. klin. 
Med., June, 1924). 
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The presence of bacteria in blood 
cultures of patients with endocarditis 
is generally regarded as indicating a 
grave prognosis. This idea is not 
altogether in harmony with results ob- 
tained at St. Luke’s Hospital, Chicago. 
Of 57 patients with bacterial endo- 
carditis, 24 are living and many of them 
seem to have recovered from the heart 
valve infection. The other 33 are dead. 
Biggs (Arch. Internal Med., Mar. 15, 
1925). 

The application of pressure around 
the arm produces minute petechial 
hemorrhages below the area of the 
compression in patients with scarlet 
fever. This Rumpcl-Leede phenomenon 
is never observed in normal persons 
with the exception of women during 
the menstrual period. It is caused by 
pathologic changes in the capillary 
endothelium. The writer found it to 
be positive in most patients with endo- 
carditis lenta and with essential hyper- 
tension. Weissmann (Zeit. f. klin. 
Med., Aug. 20, 1925). 

ETIOLOGY AND PATHOLOGY. 

— Besides being a possible sequela of 
acute endocarditis, the chronic form 
may be produced through the in- 
fluence of certain predisposing causes, 
namely: Gout, alcohol, syphilis, and 
habitual muscular overexertion, par- 
ticularly if in the individual there is a 
tendency to arteriosclerosis. Excep- 
tionally, the wall of the heart itself is 
affected by the process, in which case 
it presents scar-like patches, which 
are often associated with myocarditis. 
There is also a form of chronic pneu- 
mococcic origin. 

The organism of chronic pneumococ- 
cus endocarditis should be considered as 
a modified pneumococcus in that it 
produces an endocarditis by first causing 
an embolic hemorrhage which serves, in 
turn, as a culture medium for the 
organism. Growth begins, then, before 
the leucocytes gain entrance to destroy 
the bacterial clump. A v':getation is 
the result. The writer holds that 


the form of endocarditis known clini- 
cally as subacute or chronic infectious 
is due, in the vast majority of cases, to 
organisms of practically no virulence in 
the ordinary sense. Death is due to ex- 
haustion, the result of prolonged paren- 
teral protein intoxication. Rosenow (N. 
Y. State Jour, of Med., Aug., 1912). 

Other germs besides .streptococci 
may cause the affection which had 
been described clinically by other 
authors before it was called by Schott- 
miiller “endocarditis lenta.” The Strep- 
tococcus viridans seems to he a form 
changed by the infected orgaiii.sm — in- 
stead of being the specific agent. The 
leukocyte count varies not only in 
different stages of the disease but al.so 
according to the place (ear, finger, 
vein) where the blood was taken. 
Endothelial cells may be found almost 
constantly in the first drop dripping 
from the ear. Hemorrhagic nephritis 
is almost constant, and predominates 
clinically in a number of cases. Red 
cells are always found in the sediment 
— sometimes with only a .slight or 
negative reaction for albumen. The 
Wassermann reaction is frequently 
positive (in 15 out of the 77 cases). 
Emboli and infarcts are common. The 
disease may clinically begin and end 
with an embolus or an aneury.sm. One 
patient recovered, although the nephritis 
persisted. F. O. Hess (Munch, med. 
Woch., Feb. 6, 1925). 

Valves changed by chronic endo- 
carditis are more or less opaque, 
thickened, and cicatricial or calcified. 
They may be contracted, deformed, 
curled up, and adherent by their 
edges to one another. 

The chordee tendineae may likewise 
be involved in the morbid process 
and thereby be deformed, or fastened 
one to another, or greatly contracted 
so that the distorted valve is apposed 
to the muscular papillae. The apices 
of the papillae themselves may be 
more or less fibrotic. Fetal endocar- 
ditis is usually of this chronic form. 



LEADING SIGNS OF ORGANIC HEART DISEASE. (SAJOUS.) 

(See location of sounds in the opposite plate.) 


MITRAL DISEASE. Most frequent of all. 

Auscultation Center: fifth left interspace below 
apex, blue spot No. 1. Signs 

Regurgitation. 

iBt sound Ffoo; radiates toward axilla and 
back. 

2d sound Duh: obscured. 

Heart Is enlarged transversely. Apex blow 
displaced downward and more diffuse. Area of 
percussion dullness enlarged. Pulse small and 
irregular. Pulmonary congestion and dyspnea. 
Edema, ascites, cyanosis, etc., appear late. 

Stenosis. 

Ist sound Lub: sharp and loud, or Lub~Luh. 

2d sound Frroo: harshly radiates toward 
axilla and back. 

Presystolic murmur. Apex blow slightly to 
left of normal, and sharply localized. Pulse small, 
but regular, except in advanced cases. Percussion 
dullness increased to right. Pulmonary congestion 
and dyspnea. Edema, ascites, cyanosis, etc., occur 
late. 

Regurgitation and Stenosis. 

Ist sound Ffoo; radiating to axilla and back. 

2d sound F frroo f or ffroo-lup; short and 
combined. 

Pulse small, rapid, and irregular, alternating, 
sometimes dicrotic. Percussion dullness increased. 
Pulmonary congestion, dyspnea, and cough. 
Edema, ascites, cyanosis, etc., occur late. 

AORTIC DISEASE. Next in frequency to mitral. 

Auscultation Center: second right costal inter- 
space, blue spot No. 2. Signs:—* 

Regurgitation. 

1st sound Lub. 

2d sound Fffoo; prolonged, sometimes 
double; may become harsh Frroo: radiates 
upward into carotids and sometimes down- 
ward. 

Pulsating arteries of neck characteristic. 
Systolic shock heard in brachial and other arteries. 
Corrigon or “water hammer” pulse; rapid, abrupt, 
and poorly sustained. Apex impulse forcible, 
heavy, and lowered to the left. Percussion dull- 
ness increased toward left. 

Pallor characteristic; vertigo and sometimes 
syncope. Edema, ascites, hepatic congestion, etc., 
occur late. 

Stenosis. 

Ist sound Fffoot; prolonged whistling and 
harsh; radiates upward into carotids; 
sometimes downward. 

2d sound Dub; weaker than normal. 

No external pulsations. Displacement of 
heart; apex removed downward and to left. Pulse 
not heaving or bounding and less collapsible; 
sometimes hard. Palpitations. 

Regurgitation and Stenosis. 

signs of both conditions may prevail. 

1st sound murmur most marked and radiates 
into carotids. 

Dyspnea, due to passive pulmonary conges- 
tion; cyanosis and dropsy occur early. 

TRICUSPID DISEASE. Occasionally complicates 
mitral disease or dilatation. 

Auscultation Center: lower end sternum, blue spot 
No. 3. Signs 

Regurgitation. 

1st sound Fee -00 ; radiates toward left nipple. 

2d sound Dub. 

Venous pulse in neck; pulsating, congested 
liver. Percussion dullness increased to right. No 
effect on pulse. Edema, ascites, etc., occur early. 

Stenosis. Very rarely observed. 

Ist sound hub. 

2d sound F frroo; harsh rolling; radiates 
toward left nipple. 

Venous engorgement visible in neck without 
pulsation. Congested liver. Percussion dullness 
Increased to right. Pulse small. Cyanosis, dysp- 
nea. edema, ascites, etc., oooar early. 
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PULMONARY VALVE DISEASE. The rarest of 

heart lesions. 

Auscultation Center: second left costal inter- 
space. blue spot No. 4 * Signs: — 

Regurgitation. 

Ist sound Lub. 

2d sound Ffoo; radiates upward to clavicle. 
Inspiration sounds in lungs interrupted. Apex 
beat moved somewhat to left. Percussion dullness 
increased to right. 

Stenosis. 

1st sound Ffrroo; rough; radiates upward 
to clavicle, but widespread. 

2d sound weak or absent or replaced by 
diastolic murmur. 

Cyanosis an early sign; tendency to hemor- 
rhages. Varicose dilatation of peripheral veins. 
Percussion dullness increased to right. Edema, 
ascites, etc., occur very early. 

Occasionally met with in Infants and tuber- 
culous subjects. 

Regurgitation and Stenosis. 

Extremely rare. Signs of both lesioDs com- 
bined. 

ENDOCARDITIS. 

Signs according to the valvular structures in- 
volved; those of insufficiency or stenosis, as above, 
appearing in turn or together. At first soft, grad- 
ually become rough, sibilant, and grating. Signs 
recede as the case improves, unless chronic organic 
lesions engendered. Apex beat moved slightly to 
left. Percussion dullness slightly increased. 

PERICARDITIS. 

Before Effusion. Friction murmur. Close to ear 
when patient sits up and therefore clearer; re- 
cedes when patient lies down. Coincides with heart 
sounds and does not radiate into vessels of neck. 
Presystolic murmur sometimes heard at apex. 
Percussion dullness normal. Yellow outline. No. 5. 

With Effusion. Serum gradually fills pericar- 
dium; hence heart sounds, or murmurs, distant or 
lest and area of dullness increased, according to 
quantity of fluid present. Area finally becomes 
pyriform. Apex stroke against chest wall lost. 
Absorption of fluid indicated by return of mur- 
murs beginning above and Increasing as level of 
fluid descends, and clearing of heart sounds. 
Yellow outline. No. 6. 

MYOCARDITIS. 

Acute Form. Heart sounds short, sharp, tumul- 
tuous, then become feeble. Valvular murmurs 
brought on by disease of heart muscle and some- 
times by dilatation. Endocardial changes indicated 
by an increased pulmonary second sound. 

Chronic Form. Impulse feeble and heaving. 
Apex stroke displaced downward and to left. Heart 
beats often greatly decreased in number and often 
intermittent. Attacks of angina pectoris and pal- 
pitations. Lesions of mitral valve frequently ap- 
pear with gallop rhythm. 

HYPERTROPHY. 

All heart sounds increased, especially aortic 
second sound. Irregular gallop rhythm in marked 
cases. Action heaving and vigorous; booming. 
Impulse at apex hard and diffuse. Murmurs Indi- 
cate coexisting valvular lesions. 

DILATATION. 

Signs of tricuspid insufficiency (see above). 
First sound short, sharp, and ringing. Venous 
pulsations in the nock and venous turgescence. 
Lpigastric pulsation. Percussion dullness extended 
to the right. Pulse small, irregular, and rapid. 

FATTY HEART. 

No characteristic sign except weakened heart 
action, When other signs appear they are those 
of dilatation (see above). 
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ENDOCARDIUM AND VALVES, DISEASES OF (VICKERY). 


TREATMENT. — The treatment of 
chronic endocarditis being that of the 
valvular lesions, it will be described 
under the next general heading. 

In the management of chronic en- 
docarditis during the stage of com- 
pensation it is necessary, as empha- 
sized by Stein, to individualize all 
cases, noting that every patient reacts 
differently to drugs, dosage, to differ- 
ent preparations, and to mechanical 
stimulation. All compensation is, of 
course, relative. Alcohol should be 
dispensed with, as also tobacco, tea, 
and coffee. All emunctories must be 
kept as nearly normal as possible. 
Rest in the recumbent position and 
sleep are all-important. In cases with 
insomnia, hydrotherapy is of great 
value as a hypnotic and cardiovascu- 
lar regulator. If drugs are used, so- 
dium and ammonium bromide are less 
depressing than the potassium salt, 
while the trional-barbital group are 
of great service. Codeine is, without 
doubt, the safest of the opium prepa- 
rations. 

In chronic infectious endocarditis, 
absolute rest, good air, sunshine, sim- 
ple but nourishing food and tonics, 
but avoidance of drugging are indi- 
cated. Here, even autogenous vaccine 
or sera are more harmful than beneficial. 

In a heart clinic strict rest in bed 
for weeks or months proved of great 
prophylactic value. Eustes (Boston 
Med. and Surg. Jour., Sept. 2, 1915). 

After favorable experiences with 
sodium cacodylate in acute rheumatic 
pericarditis, it was used also in chronic 
infectious endocarditis with Strepto- 
coccus viridans bacteriemia. The daily 
dose should not exceed 0.6 or 0.7 Gm. 
(9J4 or 10^ grains), subcutaneously 
or intravenously, Billings (Jour. Amer. 
Med. Assoc., July 1, 1922). 

Distinct benefit from sodium caco- 
dylate noted in rabbits inoculated 


with S. viridans cultures from patients 
with infectious endocarditis. J. A. Bar- 
gen (Arch, of Int. Med., Nov,, 1923). 

In 8 cases of chronic infectious en- 
docarditis with S. viridans blood cul- 
tures, the writer gave 1 to 4 grains 
(0.065 to 0.26 Gm.) of sodium caco- 
dylate daily over a long i)criod. Two 
patients died; 4 were well after in- 
tervals of 22 months to 11 years, and 
2 were improved after 3 and 6 months. 
The drug was pushed until the breath 
had a .strong garlic odor. The prep- 
arations on the market in ampoules 
not being very dependable, fresh 
preparation of a reliable drug every 
few days is advised. If the bowels 
became loose the dose was decreased 
for 2 or 3 days. Rest in bed was in- 
sisted on during the treatment. Capps 
(Amer. Jour. Med. Sci., Jan., 1923). 

VALVULAR DISEASES OF 
THE HEART. 

See the annexed colored plate for 
the leading signs ot the various val- 
vular lesions. 

VALVULAR LESIONS.— Whether 
or not the abnormal state of the affected 
valve causes incompetence or obstruc- 
tion, there results in either case an 
unnatural demand upon the muscular 
power of the heart. Thus, stenosis 
leads to an increased effort during 
syvStole of that cavity which is obliged 
to force blood through the narrow 
outlet, and a leaking valve permits 
blood to flow backward into the cavity 
which it has just left, and thus obliges 
it to do part of its work a second 
time. In either case, the affected 
cavity is made to contain a larger 
amount of blood than normal. 

In case either auriculoventricular 
valve leaks, the corresponding ven- 
tricle receives, during diastole, a 
larger amount of blood than normal 
from the overdistended auricle. 

The heart possesses reserve forces, 
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and, while the immediate effect of a 
valvular lesion is dilatation of the 
chamber affected, the secondary re- 
sult is hypertrophy of the muscular 
walls, and a more or less complete 
fulfillment of the new demands. Un- 
fortunately, however, there is for sev- 
eral reasons a tendency to retrog'res- 
sion. In the first place, the valvular 
endocarditis may grow worse by slow 
chanf:;-e or because of a recurrent acute 
inflammation. Secondly, the myocar- 
dium is apt to deteriorate so that the 
muscular power of the heart dimin- 
ishes. Thirdly, in some forms of val- 
vular disease, particularly aortic, the 
coronary arteries from which the 
heart derives its nourishment are apt 
to be involved. The period during 
which the heart, having hypertro- 
phied, remains equal to the demands 
made upon it is called the period of 
‘‘compensation.’’ Sudden exertion, 
great mental excitement, or the stress 
of intercurrent disease may cause a 
temporary “disturbance” of this com- 
pensation. Finally, extreme degrees 
of valvular deformity and myocardial 
degeneration bring about “ruptured 
compensation.” 

MITRAL REGURGITATION. 

DEFINITION. — Insufficiency of 
the mitral valves, permitting blood 
to leak into the left auricle during 
systole. 

SYMPTOMS.— The sub j ecti ve 
symptoms of mitral regurgitation de- 
pend upon the degree of compensation 
present in the individual case. Thus, 
if the condition is a favorable one, the 
patient may be unconscious of any 
unnatural state whatever, having no 
dyspnea except on considerable physi- 
cal exertion. On the other hand, if 
the circulation is beginning to be em- 


barrassed, we may observe palpita- 
tion, shortness of breath on exertion 
or excitement, cyanosis and, perhaps, 
edema of the dependent parts. On 
physical examination the heart is 
found to be enlarged mainly in its 
transverse diameter, the apex being 
pushed toward the left, and the limit 
of dullness extending farther toward 
the right than in health. The cardiac 
impulse may be more diffuse than in 
health, and visible in the epigastrium 
as well as in the normal position. In 
3^oung subjects the precordia may be 
somewhat bulged. On palpation, a 
systolic thrill may sometimes be dis- 
tinguished; this is not, by any means, 
the rule, however. On auscultation, 
we hear at the apex of the heart a 
murmur systolic in time and trans- 
mitted outward toward the axilla. 
This murmur is also audible inside 
the lower angle of the scapula. At 
the base the pulmonic second sound is 
accentuated and often reduplicated. 
The pulse in well-compensated cases 
may be nearly normal. In later 
stages it is rather small, frequent, of 
low tension, and irregular in force and 
rhythm. 

The significant symptoms of failing 
compensation, dyspnea, cough, and 
hemoptysis sometimes appear before the 
physical signs. The gradual disappear- 
ance of a murmur and gradual weaken- 
ing and final disappearance of the apex- 
beat have an evil significance. Carr 
(Practitioner, Sept., 1907). 

Uncomplicated (primary) mitral in- 
sufficiency is one of the comparatively 
infrequent lesions, and should be dia- 
gnosed only if hypertrophy coexists. 
Butler (Med. Rcc., Sept. 18, 1920). 

Where the chest is small and the 
auricle large, the murmur may be heard 
not only at the apex and axilla, but 
also over the auricle and, if the heart 
is in contact with the spine, also over 
the latter posteriorly, where it may even 
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be louder than anteriorly. Roch (Rev. 
med. de la Suisse rom., Jan., 1923). 

DIAGNOSIS.— The important fac- 
tors in diagnosis are, first, the systolic 
murmur, which is usually heard loud- 
est at the apex and transmitted out- 
ward, and which, in some instances, 
may be heard over a much more ex- 
tensive area; in fact, almost all over 
the chest. Again, the murmur may 
be audible merely along the left edge 
of the sternum. The sound is of a 
blowing character, sometimes musi- 
cal, especially toward its termination, 
and it replaces the first sound of the 
heart to a greater or less extent. 

The second factor in diagnosis is 
the transverse enlargement of the 
heart. The apex may be lowered into 
the sixth space, but the main change 
is in the width of the cardiac dullness, 
which may extend from the left ante- 
rior axillary line to the right nipple. 

Third, the pulmonic second sound, 
heard in the second left space or over 
the third left costal cartilage, is ac- 
cented and perhaps reduplicated. 
Relative insufficiency of the mitral 
valve, with a normal condition of the 
valves, but with such dilatation of the 
left ventricle as to prevent the closure 
of the mitral orifice, may give rise to 
a precisely similar trio of signs. 

It has been claimed that the only 
means of making the diagnosis of val- 
vular incompetency as distinguished 
from relative insufficiency would be to 
find, in addition to the other signs, a 
presystolic murmur due to accompany- 
ing stenosis of the diseased valve. In 
many cases the history of the disease 
and the general appearance of the pa^- 
tient would be equally decisive. Func- 
tional or hemic murmurs may be heard 
during systole at the apex and trans- 
mitted outward, but they arc not as- 


sociated with enlargement of the heart 
or accentuation of the pulmonic second 
sound. 

ETIOLOGY. — Deformities of the 
mitral valve leading to incompetency 
are caused by acute endocarditis, and 
still more frequently by chronic fibroid 
change. Relative incompetency of the 
mitral valves may be due to failing com- 
pensation in case of an aortic lesion; 
or to the terminal stage of idiopathic 
hypertrophy of the heart (meaning that 
condition of the myocardium which is 
seen after habitual excess in muscular 
exertion and in the use of alcohol) ; also 
to changes in the heart secondary to 
chronic nephritis, arteriosclerosis, and 
chronic adhesive pericarditis. 

PATHOLOGY The diseased 

valves present characteristic changes. 
They are more or less opaque, thick- 
ened, and cicatricial or calcified, and 
as a result contracted, curled, or 
otherwise deformed. The edges of 
the valve segments and of the chordae 
tendineae to which they are attached 
are frequently more or less adherent 
one to another. In advanced stages 
the valvular orifice may be trans- 
formed into a rigid, calcified ring. 
The mechanical effects of mitral re- 
gurgitation are as follows : — 

During systole blood escapes back- 
ward through the valve into the left 
auricle, which cavity, therefore, receives 
blood both from normal sources and 
from this new abnormal one. Conse- 
quently the left auricle becomes dilated, 
and, as a consequence of the new de- 
mands made upon it, hypertrophied, so 
that its walls may be three or four 
times the normal thickness. Moreover, 
the left ventricle receives with each 
diastole not only its normal quantity of 
blood, but an abnormally great amount 
from the dilated and hypertrophied left 
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auricle; so that it also becomes dilated 
and hypertrophied. As the valve lesions 
become aggravated, or the strength of 
the left auricle diminishes, the flow of 
blood from the pulmonary veins into 
the left auricle becomes impeded and 
the whole pulmonary circuit congested, 
thus putting a strain upon the right 
ventricle. It is the hypertrophied right 
ventricle which is the main factor in 
preserving a normal flow of blood in 
case of mitral regurgitation. At last 
the right ventricle fails, — dilates; the 
tricuspid valve becomes relatively in- 
competent; the right auricle is embar- 
rassed, and finally the systemic circula- 
tion becomes congested. 

Patients with mitral regurgitation be- 
fore the advent of the subjective symp- 
toms may be seen to be slightly cyanotic, 
and young subjects are apt to have 
clubbing of the ends of the fingers. As 
compensation fails, the lungs become 
congested and edematous and undergo 
brown atrophy; the liver, spleen, and 
kidneys present the lesions of passive 
congestion, the lower extremities be- 
gin to be edematous, and finally gen- 
eral dropsy and orthopnea appear. 

PROGNOSIS. — Mitral regurgita- 
tion may exist for years without sub- 
jective discomfort, particularly if the 
patient escapes any great nervous or 
physical stress in life. Moreover, 
when compensation is impaired, judi- 
cious treatment will repeatedly re- 
store the patient to a state of comfort. 
Finally, of course, the embarrassment 
cannot be alleviated and death ensues ; 
but death is apt to be gradual rather 
than sudden. 

Case of an infantry officer 25 years 
of age who came under observation 
for palpitation, shortness of breath, 
and depression as the result of gas- 
sing two months previously. He was 


found to be in good physical condi- 
tion, but examination of his heart re- 
vealed hypertrophy, marked aortic 
and mitral insufficiency, and probable 
aortic and mitral stenosis which evi- 
dently dated from an attack of rheu- 
matic fever when he was 13 years old. 
His pulse was regular, moderate in 
rate, and of water hammer type. In 
spite of this severe cardiac valvular 
disease he had always been unusually 
athletic all of his life up to the time 
of his gassing, having been a leader in 
football, cricket, short distance run- 
ning, broad jumping, and the cham- 
pion athlete of his whole army corps. 
It is evident that in this case the 
heart had a greater reserve power, in 
spite of the valvular handicaps, than 
the average heart. R. D. Rudolf 
(Brit. Med. Jour., Jan. 4, 1919). 

TREATMENT. — With regard to 
treatment, much which is applicable to 
this subject will be given in the next 
volume, in the section upon Dilata- 
tion OF THE Heart, and other con- 
siderations will be discussed at the 
end of the section on Valvular Dis- 
eases. 

MITRAL STENOSIS. 

DEFINITION.— Mitral stenosis is 
a change in the mitral valves which 
impedes normal flow of blood from 
the left auricle into the left ventricle. 

SYMPTOMS. — Many individuals 
present this lesion without being con- 
scious of ill health. They may experi- 
ence a certain amount of shortness of 
breath upon exertion, but do not suspect 
the existence of cardiac mischief. Some 
patients are of a tolerably fresh com- 
plexion and do not suggest the idea of 
cardiac difficulty, but rather of chloro- 
sis ; such patients, so far as the writer^s 
experience goes, are rather slight and 
undersized. The great majority of 
sufferers are women. Some cases are 
supposed to be congenital, but this must 
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be exceptional. As compensation fails, 
we have the usual train of cardiac symp- 
toms, with the difference that ])ulmo- 
nary engorgement, bronchitis, passive 
congestion of the lungs, orthopnea, and 
hemoptysis are more common with this 
than with other valvular lesions because 
of the direct way in which it impedes 
the pulmonary circuit. 

The thrill in mitral stenosis is over- 
rated. Prominence of the left auricle 
as a convexity of the heart dulness in 
the left 2d, 3d, 4th and 5th interspaces 
is of diagnostic aid. In doubtful cases 
exercise may enhance the murmur. 
When auricular fibrillation is super- 
imposed, the presystolic phase of the 
diastolic murmur disappears and the 
early and mid-diastolic portions per- 
sist. A presystolic murmur simulating 
that of mitral stenosis may occur in an 
irritable or excited normal heart and 
in the thyroid heart. White and Reid 
(Med. Clin, of No. Amcr., iv, 283, 
1920). 

A presystolic murmur and thrill 
occasionally occur in large hearts with 
hypertension and beginning dilatation, in 
the absence of any organic defect. 
Irons and Jennings (Jour. Amer. Med. 
Assoc., Apr. 1, 1922). 

DIAGNOSIS. — As already stated, 
the disease may be unsuspected until 
a physical examination is made. Upon 
inspection of the chest, wc may observe 
the apex beat displaced slightly to the 
left. The lower part of the sternum 
and the apex region may be somewhat 
prominent in children, and an impulse 
may be seen with the systole in the 
fourth and fifth left space, due to the 
hypertrophied right ventricle. 

The writer has often noted pain and 
dulness in the right paravertebral 
region. Fluoroscopy may show the 
left auricle at the right border of the 
heart. Mentl (Casop. lek. cesk., Apr. 
26, 1924). 

Upon palpation near the apex, usually 
somewhat inside of 'it, may be felt a re- 


markable purring thrill, which will he 
found to be presystolic in time and to 
terminate with a distinct shock corre- 
sponding to tlie beginning of cardiac 
systole. This shock may be felt over 
three or four intercostal spaces to the 
left of the sternum. Its origin is a mat- 
ter of considerable s]ieculation, but not 
as yet of demonstration. 

On percussion the cardiac area will be 
found to be increased transversely to 
the right of the sternum. C)n the left 
it often reaches somewhat higher than 
normal, but laterally not much beyond 
the normal limits. 

On auscultation at or inside the apex 
is heard a j)resystoIic murmur of a char- 
acteristic quality. It is more or less 
rubbing, rumbling, or churning, and ter- 
minates with a sharp valvular sound 
corresponding to the shock felt by 
the hand. Immediately following this 
.sound, if the case is one of pure mitral 
obstntetion, is a brief ])ause, and then a 
fainter valvular sound is heard, cor- 
responding to the second sound of the 
heart. 

A study based upon the results of 
simultaneous records taken by a micro- 
phone and a string galvanometer 
showed that in mitral stenosis the dias- 
tolic murmurs are due to the rapid 
outflow of blood through the steiiosed 
mitral orifice. Murmurs occupy those 
periods of diastole during which the 
velocity of outflow reaches a certain 
grade. When the auricle contracts at 
the normal time and the heart beats 
slowly, the velocity tends to be greatest 
in presystole; otherwise it is usually 
greatest in early diastole, and these arc 
the periods at which the murmurs arc 
most commonly audible. Lewis (Brit. 
Med. Jour., Dec. 21, 1912). 

If the case is one of stenosis and 
regurgitation combined, the first .sharp 
valvular sound is followed by a systolic 
murmur. 

The character of the typical presys- 
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tolic murmur of mitral stenosis is so and irregular. When compensation 
distinctive that it would seem to the fails, it becomes weak, frequent, more 
writer possible to establish a diagnosis irregular, and intermittent. 


of mitral stenosis upon this sound alone 
without other evidence. 

In all 36 cases of mitral stenosis 
were diagnosed from a draft incre- 
ment of about 15,000 men, 24 being 
“pure’" cases and 12 associated with 
insufficiency. Of etiologic factors in 
the 24 cases of pure stenosis examined 
by the writer, rheumatic fever, chorea, 
tonsillitis and growing pains were the 
most important. In some instances, 
rheumatic fever, chorea and tonsillitis 
appeared together. Cyanosis was ob- 
served 14 times and pallor 4 times in 
these cases. A presystolic thrill end- 
ing in the characteristic systolic 
shock was felt 22 times. In all of the 
24 cases a murmur was heard, usu- 
ally in the recumbent position, and 
always best in the ventral decubitus. 
A snappy first sound was heard 
typically 19 times; in the 5 cases in 
which it was not heard a systolic 
murmur, accidental or without sig- 
nificance, muffled it. Goodman (Amer. 
Jour. Med. Sci., Jan., 1919). 

At the base of the heart in the second 
left space is heard a sharply accented 
and usually reduplicated sound, corre- 
six)nding to the closure of the pul- 
monary valves under tension. 

In cases of failing compensation, the 
thrill may be difficult to feel. It may 
sometimes then be perceived by appos- 
ing the palm of the hand lightly to the 
chest wall, when a very faint and ex- 
tremely circumscribed thrill may be de- 
tected. With a dilated heart the aus- 
cultatory sounds also are indistinct. It 
may be impossible to recognize the ex- 
istence of mitral stenosis in a patient 
seen then for the first time. If, how- 
ever, compensation be restored wholly 
or in part, the murmur may reappear. 
The time of the murmur may be post- 
diastolic or middiastolic rather than 
strictly presystolic. The pulse is small 


A study of pure mitral stenosis in 200 
cases showed that incipient, rudimentary 
mitral stenosis escapes detection by 
ordinary inspection and palpation, but 
that it is possible to differentiate it even 
in its earliest stages by various signs 
and symptoms. These include the dis- 
placement of the wave of the apex beat 
to the left (which was found in 91 per 
cent.) or to the left and upward (5 per 
cent.) ; slight reduction in the passive 
mobility of the heart (55 per cent.) ; 
displacement upward of the apex when 
the patient changes from the reclining 
to the seated position (73 per cent.) ; 
the beat more extensive in the trans- 
verse sense (88 per cent.) ; the beat a 
little more pronounced than normal (7 
per cent.) ; the beat arrhythmical (51 per 
cent.) or a double impulse at the apex 
(5 per cent.) ; absence of the physio- 
logic negative pulsation (25 per cent.) ; 
diffuse shock in the lower half of the 
sternum; well-marked pulsation at the 
left and right margins of the sternum ; 
cardiac imi)ulse in the epigastrium (97 
per cent.) ; in the lung region (33 per 
cent.) ; the auricular cardiac impulse of 
Grocco (15 per cent.) ; diastolic valvular 
shock over the pulmonary; presystolic 
or diastolic-presystolic thrill at the apex ; 
Brim’s dull pain at a point in the epigas- 
trium, below and to the left of the 
xiphoid appendix, the continuous vague 
pain here being exaggerated by pressure 
and sometimes becoming sharp and 
radiating to the region around the um- 
bilicus or the entire abdomen or in a 
girdle radiating to the lower part of the 
back; Vaquez’s auricular tender point 
is the result of enlargement of the 
auricle. The pain here develops spon- 
taneously at different points or can be 
elicited by i)ressure. The patient com- 
plains of vague discomfort in the back, 
but locates the seat of the pain on de- 
mand in the region between the spine 
and the spinal margin of the left 
scapula. In conclusion the writer expa- 
tiates on the great diagnostic importance 
of the zones of Jlead in differentiation 
of pure mitral stenosis, and gives the 
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details of 5 cases in which these zones 
were particularly in evidence. Landolfi 
(Jour. Amer. Med. Assoc., from Ri- 
forma Mcdica., April 27, 1912). 

Tricuspid stenosis may give rise to a 
presystolic murmur, situated to the 
right of the sternum; but this disease 
is extremely rare unless congenital, and 
when it does occur is apt to be secondary 
to chronic lesions of the left side of the 
heart. Persons born with tricuspid 
stenosis are apt to be simultaneously 
affected with other abnormalities whicli 
entail s])ecdy death. 

The late Austin Flint called attention 
to the presystolic murmur frequently 
heard in cases of aortic regurgitation at 
the apex of the heart, and ascribed it 
to the influence of the blood-current 
falling into the left ventricle through 
the incompetent aortic valves. This 
murmur is associated with the ordinary 
signs of aortic regurgitation and is not 
accompanied by the peculiar thrill felt 
in mitral stenosis ; nor is it followed by 
the systolic shock above described. 

There arc two valvular affections of 
the heart which may give the iinpre.s- 
sion of an aortic aneurism. The first, 
aortic insufficiency, as Corrigan pointed 
out, suggests it by the marked pulsation 
of the arch of the aorta. To the parox- 
ysms of cyanosis and dyspnea may be 
added a visible pulsation in the second 
left interspace close to the sternum and 
a paralysis of the left vocal cord. 
Ortner (of Vienna) was the first to 
describe the compression of the left re- 
current laryngeal nerve between the 
aorta and a considerably dilated left 
auricle, in a patient in whom he had 
diagnosticated aneurism intra vitam. 
The majority of the cases have such a 
cause, but some few arc due to com- 
pression by enlarged pulmonary veins 
or the left pulmonary artery. The 
writer witnessed 3 cases, 2 of which 
were with autopsy. All 3 had signs of a 
double mitral lesion and paralysis of 
the left vocal cord. Autopsy in 2 of 


the cases showed the recurrent laryngeal 
nerve sclerotic and opaque in the por- 
tion compressed between the wall of the 
left auricle and the aorta. Osier 
(Arch. d. mal. canir, d. vaisseaux et d. 
sang, vol. ii, p. 73, 1909). 

There are now on record 11 autopsied 
and 2() clinically reported cases in which 
recurrent laryngeal paralysis was asso- 
ciated with and apparently the result of 
mitral stenosis. Among the autopsied 
cases the vocal paralysis was attributed 
to direct compression on the part of the 
auricle or its apj)cndix in 7 ; to cardiac 
displacement, traction, etc., in 1 ; to the 
effects of a persistently patulous ductus 
arteriosus in 2 ; and to indirect compres- 
sion acting on the pulmonary artery in 
2. Fettcrolf and Norris (Amer. Jour. 
Med. Sci., May, 1911). 

In 12 cases of soldiers in whom 
presystolic murmurs were suspected, 
but in whom they could not be recog- 
nized wu'th any degree of certainty, 
amyl nitrite (inhaled from a 3- minim 
(0.18 c.c.) capsule until a reaction was 
evident) iironght forth unmistakable 
murmurs in 6 instances. The pm’nl em- 
phasized is that amyl nitrite, in a large 
proportion of cases, will raise the scale 
of the signs, bringing them nearer to a 
point in which a diagnosis becomes 
certain. Morison (Brit. Med. Jour., 
Apr. 20, 1918). 

ETIOLOGY.— Rarely the le.sion 
may be congenital. In most instances 
it is the result of valvular endocarditis 
due to rheumatism or chorea or some 
other of the children’s diseases. Anemia 
and chlorosis have also been thought to 
have some influence in promoting its 
occurrence. 

Pure mitral stenosis is an independent 
valvular defect which generally develops 
between the ages of 10 and 30 as a 
result of endocarditis. It may he con- 
genital or functional, but only in the 
rarest cases. The female figure, espe- 
cially when there is a tendency to weak- 
ness and hypoplasia, seems to favor the 
development of this form of valvular 
defect. It consequently occurs mainly 
in girls and is distinguished by its rela- 
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tive harmlesfincss, although the patients 
rarely live to an advanced age. 
Hampcln (Dcut. Arch. f. klin. Med., 
Bd. cv, Nu. 5-6, 1912). 

PATHOLOGY.— Mitral stenosis is 
almost invariably associated with a 
greater or less degree of mitral regurgi- 
tation. l\y itself, mitral stenosis does 
not cause much enlargement of the 
heart. The left ventricle may be of 
normal size or smaller. The left auricle 
and right ventricle are, however, much 
dilated and hypertrophied. The valves 
may be changed to a variable extent. 
In the most extreme cases the auriculo- 
ventricular orifice is scarcely big enough 
to admit the head of a pin. The left 
auricle often contains thrombi. Some- 
times the great enlargement of the left 
auricle causes pressure paralysis of the 
left recurrent laryngeal nerve — the same 
lesion which is caused, more often, by 
thoracic aneurism. 

In a series of 50 cases which canic 
to autopsy, the cardiac lesion was con- 
lined in 25 cases to the mitral valve ; in 
7 others the mitral lesion was the chief 
finding, but was combined in 2 with 
chronic fibrous pericarditis and in 5 
with inflammation of the aortic valves. 
Aortic stenosis complicated 9 other 
cases, aortic insufficiency 3, and tri- 
cuspid stenosis 6. In 4 of the latter 
aortic regurgitation was also present. 
G. G. Sears (St. Paul Med. Jour.. 
March, 1907). 

PROGNOSIS. — As already stated, 
mitral stenosis is not incompatible with 
a tolerable degree of health, and may 
not for years call attention to itself. 
Even after compensation has been im- 
paired, great improvement may be re- 
peatedly obtained by suitable treatment. 
On the whole, the disease may be said 
to be somewhat less favorable than is 
mitral insufficiency. Yet, of this, as of 
every cardiac lesion, it should be said 
that the prognosis depends upon the 


peculiarities of the individual case, 
which should be considered upon its 
own merits. 

TREATMENT. — The treatment is 
considered at the end of the section 
on Valvular Diseases, page 500, to 
which the reader is referred. 

AORTIC REGURGITATION. 

DEFINITION. — A lesion of the 
aortic valves allowing a reflux of blood 
into the left ventricle during diastole. 

A patient with free aortic regurgita- 
tion may for years lead an active life 
unconscious of his condition. In no 
other valvular disease is compensation, 
while it lasts, so perfect. If, however, 
the lesion develops abruptly, it will pro- 
duce marked symptoms. For instance, 
when it is consequent upon the sudden 
rupture of a segment of the valve 
during violent physical exertion, or 
when the valve is ]>erforaled by the 
ulcers of malignant endocarditis, the 
heart may be almost or completely over- 
whelmed by the sudden strain put upon 
it, the left ventricle dilating and thus 
causing relative insufficiency of the 
mitral valve, engorgement of the lungs, 
and an embarrassment of the whole 
circulatory apparatus, from which the 
patient can scarcely recover. 

In some instances the first shock is 
successfully endured, and a slow de- 
velopment of the reserve power of the 
heart establishes compensation. This 
happier result was observed by the 
writer in the case of a Western miner 
in whom the aortic lesion developed 
overnight. 

The commonly accepted view that 
mitral disease is by far the most fre- 
quent of the valvular lesions of the heart 
should be modified. From his experi- 
ence in private practice, as well as with 
extensive hospital material, the writer 
believes that aortic lesions are fully as 
frequent or more so than lesions of the 
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mitral orifice. From the records of the 
Cincinnati Hospital for four years, 
from 1900 to 1903 inclusive, it was 
found that, in 160 autopsies with well- 
defined heart lesions, aortic diesase and 
mitral disease were about equally dis- 
tributed, with a slight margin in favor 
of the greater frequency of the former. 
Admitting that the infection, as seen in 
acute articular rheumatism, more fre- 
quently affects the mitral area, the fact 
remains that the severest type of the 
so-called ulcerative endocarditis does 
greatest damage to the aortics. Espe- 
cially in syphilis, is the tendency to 
aortic lesions pronounced. J. E. Greiwe 
(Jour. Amer. Med. Assoc., March 9, 
1912). 

SYMPTOMS. — Where compensa- 
tion has been perfect and is beginning 
to fail, the first symptoms may be cere- 
bral, such as dizziness, flashes of light, 
and slight headache; there may also be 
faintness and palpitation on slight exer- 
tion. A patient seen by tlic writer had 
for his first symptom a sharp neuralgic 
pain in the lower jaw which developed 
while he was carrying a canoe on his 
back through the woods of Maine. J^ain 
may be very prominent. It is usually 
precordial, but may extend into the neck 
and down the arms, particularly the left 
arm. Angina pectoris may occur, and 
in no form of valvular disease is sudden 
death more common than in this. 

Compared with mitral lesions, there 
is less apt to be cyanosis, bronchitis, or 
anasarca: more apt to be head symp- 
toms and pallor. Embolism may occur, 
and slight febrile attacks are not un- 
common, either due to recurrent endo- 
carditis or in some instances to articular 
rheumatism. In this and in other val- 
vular lesions there may be delirium 
toward the close of life. 

It is also stated that there seems to 
be some connection between mental dis- 
eases and cardiac lesions even when 
well compensated. With regard to this 


the writer has had no practical experi- 
ence. It is usually said that the cardiac 
psychoses are apt to be of a melancholy 
character. Savage says: “With aortic 
or with both aortic and mitral disease, 
the symptoms may be eitlicr melancholic 
or maniacal ; but I am inclined to think 
that, with simple aortic disease and with 
hyi)ertr<)phy of the left ventricle, it is 
at least not uncommon to meet with 
acute mania and exaltation of ideas."' 

Aortic regurgitation sometimes occa- 
sions cerebral hemorrhage, and peri- 
carditis sometimes coinj dicat es disease 
of the aortic valves, wdiethcr stenosis or 
regurgitation. 

Upon physical examination it is u.su- 
ally easy to recognize aortic insuffi- 
ciency if it exists. Inspection shows an 
extensive and powerful cardiac impulse. 
The apex is seen to be in the sixth or 
seventh intercostal sjiace in the nipple 
line or outside, and the chest wall may 
be prominent over the hypertrophied 
left ventricle. Ui>on ])alpation, the 
powerful action of the heart is evident, 
and exceptionally there may be a dia- 
stolic thrill. In tliis disease the heart 
may attain its largest dimensions. 

In young adults the murmur of 
aortic insufficiency is generally heard 
to the left of the sternum, in the third 
interspace, instead of at the classic 
site as taught in the textl)ooks. The 
Rontgen rays will confirm the diag- 
nosis of the aortic insufficiency in 
these cases. Only when the valvular 
trouble has reached an advanced 
stage and been aggravated by the dila- 
tation of the right cavities, is the 
murmur heard at the classic site to 
the right of the sternum. This was 
the case only in 10 of 66 cases studied; 
in 26 the murmur was heard to the 
left of the sternum; in 20 at the ster- 
num itself; in 9 at the xiphoid. When 
the murmur was heard at the left of 
the sternum it was usually either at 
the third or the second interspace. 
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Tremolieres, Caussade and Toupet 
(Prcsse Aug. 9, 1917). 

Upon auscultation, there is heard a 
diastolic murmur, which may he loudest 
in the second intercostal space on the 
right, or in the third or fourth space at 
the left edge of the sternum. Excep- 
tionally it may be heard best at the left 
side near the xiphoid cartilage. This 
murmur is of low pitch, and of a blow- 
ing character, and it may replace the 
second sound of the heart. If not, it 
begins immediately upon the occurrence 
of that sound. No cardiac murmur is 
audible over so extensive an area as 
may be that of aortic regurgitation. It 
may l)e heard all over the chest, and in 
the brachial and femoral arteries. In 
some cases it is difficult of detection, 
and, when this or any valvular lesion is 
suspected, it may be laid down as a 
general rule that no examination is com- 
plete unless auscultation has been care- 
fully practised when the patient was 
in a horizontal and also in a vertical 
position. 

Sometimes the munnur can be heard 
best with the naked ear applied to the 
uncovered chest wall. Exceptionally 
the murmur may be heard only at the 
apex of the heart, and in this connection 
the murmur described by Flint, presys- 
tolic in time and heard at the apex, 
should be borne in mind. This has been 
already described in discussing the diag- 
nosis of mitral stenosis. Flint’s mur- 
mur is of a blubbering character, and 
heard only over a limited area at the 
apex. The sound heard at the base of 
the heart is usually rather long; when 
it is short and gushing there is (it is 
claimed) reason to infer an extensive 
lesion. It is stated that it is also un- 
favorable to find the murmur audible 
only in the midsternal region. Some- 
times the murmur has a distinctly musi- 


cal quality. This is explained as due to 
the perforation of a valve segment in 
such a way that a thin strip of valve is 
left intact and made to vibrate by the 
regurgitating blood. Frequently there 
is an accompanying systolic apex mur- 
mur, due to relative incompetency of 
the mitral valve, although, of course, it 
may be a sign of coexistent mitral dis- 
ease. Usually there is at the base a 
systolic murmur, and this occurs inde- 
pendently of aortic stenosis. One ex- 
planation of its development is tliat the 
first outflow of blood from the contract- 
ing ventricle meets the still regurgitat- 
ing current falling through the incom- 
petent valve, and thus gives rise to the 
munnur. 

The diastolic murmur may sometimes 
be beard, as already stated, in the pe- 
ripheral arteries. Sometimes the second 
sound of the heart may be heard in the 
carotid wflien not audible at the base of 
the heart. If so, its interpretation is 
favorable as implying a lesser lesion of 
the aortic valves. Sometimes a systolic 
and diastolic murmur may be heard in 
the femoral and other arteries (Duro- 
ziez). This is obtained by a slight pres- 
sure with the stethoscoi)e, and is due to 
the outward current of bloo<l causing a 
systolic and the returning blood a dia- 
vStolic sound at the place of artificial 
stenosis. This is a very im]>ortant diag- 
nostic factor when found, but it is not 
always present in aortic regurgitation. 

The point of maximum intensity of 
the aortic diastolic murmur is not con- 
stant, but varies under different con- 
ditions, most authorities placing it in 
the third and fourth interspace to the 
left of the sternum and near its margin. 
The writers, having noticed the fre- 
quency of a diastolic murmur at the 
apex and in the axilla, made a careful 
study in a number of cases of aortic 
insufficiency as regards these points of 
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transmission. In all but 2 of 17 cases 
examined the diastolic murmur was 
heard outside the apex in the axilla. 
At times the murmur in the axilla may 
be of secondary or even as in 2 cases 
of maximum intensity, that is, in pass- 
ings from the point of maximum in- 
tensity close to the sternal ])order, the 
murmur diminishes in intensity as the 
apex is reached and then becomes 
louder in the axilla. This axillary 
murmur is of exactly the same kind 
and quality as that heard at the base, 
and should be identified as the 
“aortic axillary diastolic” murmur, 
R. Cole and A. B. Cecil (Johns Hop- 
kins Hosp. Bulk, vol, xix, p. 353, 

1908) . 

Aortic insufficiency without mur- 
mur can be diagnosticated by j^alpa- 
tion, when the vaulting shock will be 
noted, that is, a dome-shaped elev'a- 
tion of the region of the apex at each 
aortic impulse without valvular vibra- 
tion. LeBard (Semaine mod., June 2, 

1909) . 

Leonard Hill noted that in aortic 
regurgitation there is remarkable dif- 
ference in systolic ])ressure found in 
the arm and leg, tlie i)rcssurc in the 
lower limb being often extraordinar- 
ily high, not rarely amounting to 1(K) 
millimeters of mercury above that fd 
the upper extremity. The writer 
found, in making comparative studies 
of the blood-pressure in the arm and 
leg of cases of aortic regurgitation, 
not only confirmed Hill’s conclusions, 
but gave even greater variations than 
he records, and that this extraordi- 
nary dififcrence between the systolic 
pressure in the arm and leg is a path- 
ognomonic sign of aortic incompe- 
tence, as it is not present in other 
valvular lesions. 11. A, Hare (Thcrap. 
Gaz., July, 1910). 

Systolic murmurs at the base of the 
heart when they are not followed by 
a diastolic murmur are generally in- 
organic. This was shown in 55 men 
with valvular defects who had been 
at the front for a few months up to 2 
years and confirmed the great toler- 
ance even the indifferencv. of valvular 

defects in respect to the fatigues of 

4 - 


life at the front. Mitral stenosis is 
the least resistant, but even witli this 
the men had nothing more serious 
than palpitations or transient attacks 
of tachycardia. C'ongenital and com- 
plex valvular defects seemed to do as 
well as any. ( )ne of the great ele- 
ments of this tolerance is the fact that 
the men were not aware tliat they had 
valvular disease. A young man with 
a valvular disease should he assigned 
to light duty only. If over 35, and if 
there are pains in the heart, attacks of 
tachycardia and pali)itation on exer- 
tion and the man has been sent back 
for recurring rheumatism or typhoid, 
the writer advises temporary dis- 
charge to refrain from compromising 
the man’s future. C. Laubry (Paris 
Med., Dec. 15, 1917). 

The femoral artery, and also the 
smaller arteries, such ixs the dorsalis 
pedis and the radial, usually afford a 
peculiar, sharp, valvular “pistol-shot'’ 
sound witli each cardiac systole. This 
sound may exceptionally be doubled. 

'Fhe pulse is characteristic. It has 
been called the “water-hammer” 
pulse, or the “Corrif^an” pulse, after 
Corrigan, who admirably described it, 
or the “shuttle” pulse. It is very 
quick and abrupt, and is extremely 
ill-sustained. These characteristics 
are more evident if the arm is raised 
vertically, and they can be well appre- 
ciated by grasping the wrist witli the 
hand ((9sler) instead of by the ordi- 
nary mode of palpation witli the fin- 
ger. In this disease there is also a 
capillary pulse ; a phenomenon which 
may also be observed in neurasthenia 
and profound anemia, but much less 
often. It can be seen in the nails, in 
the vessels of the retina through the 
ophthalmoscope, upon a surface artifi- 
cially reddened by firm rubbing, as on 
the forehead, and it may also be well 
observed through a glass slide placed 
upon the everted lower lip. It con- 

-32 
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sists of an alternate flushing and pal- 
ing of the part, corresponding with 
the sudden filling and em])tying of the 
vessels. Rarely, there is a venous jmlse 
seen on the hack of the hand. 

DIAGNOSIS. — As already stated, 
persons may have aortic regurgitation 
without symptoms; hence the disease 
may sometimes be discovered only 
upon physical examination. When 
the signs above enumerated have been 
detected, the diagnosis is practically 
certain. 

A diastolic murmur at the base of the 
heart may be occasioned by an enlarge- 
ment of the aorta due to aneurism, but 
this lesion would have a different his- 
tory and would present other signs 
peculiar to itself. Moreover, aneurism 
usually gives a systolic, rather than a 
diastolic, murmur. Examination with 
the X-ray would be conclusive. 

Insufficiency of the pulmonary valves 
is a very rare lesion, and, if present, 
the murmur caused by it should be 
transmitted downward and to the right, 
and there would be no hypertrophy of 
the left ventricle or ^Vater-hammer” 
pulse. 

Patency of the ductus arteriosus is a 
rare condition, and the murmur asso- 
ciated with it has been described as 
“late systolic’' or, again, as “continuous 
with the second sound, transmitted only 
very feebly to the left, and of a wavy 
character, sufficient of itself to distin- 
guish it from an aortic regurgitant 
murmur.” 

The causes of degenerative lesions 
producing aortic regurgitation in old 
age are (1) senile degenerative change, 
(2) high arterial tension or constant 
strain on the valves and arch of the 
aorta, (3) severe intermittent strain on 
the valves from frequent and violent 
fluctuations in the blood-pressure, (4) 
syphilitic aortitis, (5) rupture of a valve. 


The physical signs are sudden, short, 
and forcible pulse wave, high blood- 
pressure, hypertrophy of the left ventri- 
cle with a diastolic murmur at the 
aortic cartilage, the aortic second sound 
being also present and indicating dilata- 
tion of the aorta. Broadbent (Prac- 
titioner, March, 1908). 

ETIOLOGY. — Aortic regurgitation 
is seen most often in middle-aged, 
vigorous men accustomed to consider- 
able muscular exertion. Modern studies 
have shown that at least 75 per cent, 
of pure aortic cases are due to syphilis. 
It may also be caused by endocarditis, 
arteriosclerosis, gout, alcohol, etc. 

Examination of 467 patients showed 
that: Syphilis is an important factor 
in the production of aortic regurgita- 
tion; 37.3 per cent, of all patients with 
aortic regurgitation between 20 and 70 
show a positive Wassermann reaction. 
Rheumatism is of rather less impor- 
tance and accounts for 27.2 per cent, 
of the cases. Pure aortic regurgita- 
tion is mainly a disease of middle life, 
from 40 to 50, while combined aortic 
regurgitation and mitral stenosis is 
essentially a disease of young people, 
under 30 years of age. Fifty per cent, 
of all cases of pure aortic regurgita- 
tion are syphilitic in origin, and 17.4 
per cent, rheumatic. Between the ages 
of 20 and 35, 44 per cent, of cases of 
pure aortic regurgitation are rheumatic 
in origin and 10.7 per cent, are syph- 
ilitic. From 35 to 40, 14.3 per cent, of 
cases are rheumatic and 40.5 per cent, 
syphilitic, while over 40 years of age, 
only 5.2 per cent, of cases are rheu- 
matic and 71.3 per cent, syphilitic. 
Syphilis is of most importance as an 
etiologic factor in patients over 35 
years of age, because syphilitic aortitis, 
and hence aortic regurgitation, is not 
pronounced enough to cause cardio- 
vascular symptoms until from twenty 
to twenty-five years have elapsed from 
the infection. Rheumatism is of most 
importance as an etiologic factor in 
patients under 35, because rheumatic 
fever is essentially a disease of young 
people and cardiovascular symptoms 
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due to rheumatism appear on the 
average 11.6 years after the attack of 
rheumatic fever. Syphilis and rheu- 
matism are both of lesser importance 
in the causation of aortic stenosis 
(with regurgitation), syphilis account- 
ing for only 20 per cent, and rheu- 
matism for only 13.4 per cent, of the 
cases. Harmcr (Heart, Mar., 1926). 

Atheroma of the aorta may extend 
into and deteriorate the valves. 

The valves may be congenitally af- 
fected. In most such cases they are 
still com])Ctent at birth; but they are 
apt to become impaired in later life. 

Ulcerative endocarditis may produce 
a sudden incompetency of the valve, 
with great and ])erhaps fatal embarrass- 
ment of the cardiac circulation, as al- 
ready mentioned. And, finally, sudden 
muscular strain may produce a rupture 
of one of the segments, especially if the 
valve is previously impaired by disease. 

PATHOLOGY. — Besides the usual 
changes in the valves themselves, there 
arc lesions peculiar to aortic regurgita- 
tion in the heart and blood-vessels. As 
already stated, the heart becomes enor- 
mously hypertrophied, weighing 40 to 
45 ounces instead of 10 or 12. 11ie 
main part of this increase is in the walls 
of the left ventricle, the cavity of which' 
is enlarged, but its walls more than 
proportionately thickened. The mus- 
cular trabeculae of the ventricle are 
usually more or less flattened where the 
regurgitant blood-current impinges upon 
them. 

While in all kinds of valvular lesions 
the heart is exposed to ultimate degen- 
erative changes, this liability is par- 
ticularly great in aortic regurgitation, 
because the coronary arteries upon 
which the nutrition of the heart wall 
depends, originating, as they do, at the 
base of the semilunar valves, no longer 
have a normal amount of blood forced 


into them. Moreover, if the lesion of 
the valves is due to fibrotic changes, the 
orifices of the coronary arteries arc apt 
to be involved in this jwocess and more 
or less occluded. Hence tho.se cases of 
aortic regurgitation have a decidedly 
better i)rogiiosis which arc due to rheu- 
matism than those which are associated 
with atheroma. 

The systemic arteries become di- 
lated by the large volume of blood 
which is tlirown into them with each 
contraction of the enormous left ven- 
tricle, and tliey also undergo sclerotic 
degeneration because of the strain 
which they cxi)crience. 

PROGNOSIS. — Aortic regurgita- 
tion is the most dangerous of the ac- 
(juired valvular lesions of the heart. 
It is consistent with comfort and 
vigor lasting for years, hut there is 
always the possil)ility of a sudden 
fatal termination; and wlicn once 
compensation has been interrupted, 
it is seldom satisfactorily restored. 
Sometimes upon the development of 
secondary mitral insnflk'icncy there 
will he a noticeable alleviation of the 
cardiac eml)arrassment, but the pa- 
tient is reprieved, not saved. 

Pure aortic stenosis is not very com- 
mon, but i.s more frequently met with 
in combination with aortic regnrpitation, 
when the inorlitication in the character 
of the pulse which it entails is of great 
diagnostic value. It is one of the least 
serious of the valvular lesions unles.s 
associated with degenerative changes in 
the aorta in later life. It is not pro- 
gressive in the same degree as mitral 
stenosis. 

The prognosis in mitral stenosis 
js always .serious as regards duration 
of life, though the patient may survive 
a considerable number of years, as the 
tendency is for the constriction of the 
mitral orifice to he progressive. Broad- 
bent (Dublin Jour, of Med. Sci., April, 
1909). 
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TREATMENT. — When the aortic 
valves are diseased from causes other 
than endocarditis, iodide of potas- 
sium in doses of 5 to 10 grains thrice 
daily given for long periods has been 
followed by great improvement. This 
is no doubt due to the fact that so 
many of these cases are syphilitic in 
origin. They should always be in- 
vestigated with this point in mind, 
and, if found to be syphilitic, should 
be given vigorous antisyphilitic treat- 
ment. This applies to cases of ste- 
nosis as well as regurgitation. 

Some writers have advised against 
the use of digitalis in aortic insuf- 
ficiency, fearing the bad effect of 
lengthening the diastole and thus af- 
fording a longer time for regurgita- 
tion; but the weight of authority is 
undoubtedly in favor of em])loying 
digitalis when it seems to be needed, 
despite this theoretical objection. 

By far the most important time for 
treatment is at the onset in rheumatic 
cases. Children with growing pains or 
a ])ain in any joint should always have 
their hearts examined — the onset of 
endocarditis is so insidious. During the 
acute stage saliciti or aspirin given in 
full doses appears to he less depressing 
to the heart than salicylates. Small re- 
peated blisters to the first, second, or 
third spaces on the left side, as recom- 
mended by Caton, are distinctly useful, 
as also is potassium iodide after the 
temperature has fallen. When the 
aortic valve is affected, rest in bed is 
essential, not only until the temperature 
comes down to normal, but for at least 
six weeks after, and then a very grad- 
ual return to being uj) all day, and no 
exercise or work should be allowed for 
six months or more. If so treated the 
murmur and all signs of the regurgita- 
tion wdll in rare instances completely 
disappear. This happened in a recent 
case under the writer’s observation. 
But when the regurgitation persists, as 
it usually does, compensation is attained 


with as little dilatation as possible, and 
so more reserve is left for future con- 
tingencies. 

In syphilitic cases potassium iodide 
lends to prevent the increase of the 
lesion, and does good by lowering the 
vascular tension. Atheromatous cases 
need tonics combined wnth measures to 
reduce the peripheral resistance. 

In all cases tonics such as strychnine, 
arsenic, formates, ammonia, and bark 
are most useful, and belladonna if 
there is palpitation. Hypodermic in- 
jection of morphine is the best hyp- 
notic if the nights are bad. 

If venous congestion or dropsy comes 
on, digitalis combined with vascular 
dilators and diuretics will be useful. 
Then, if the mitral and tricuspid break- 
down w’as due to the amount of the 
aortic regurgitation, the digitalis must 
he at once slopped, since it is a danger- 
ous drug to use in aortic regurgitation. 
Broadbent (Lancet, Nov. 12, 1910). 

In failing compensation in aortic 
insufficiency, the writer advocates the 
continued use of squill, 0.3 Gm. (5 
grains), eventually reduced to 1 such 
dose a day. Other drugs, r./y., codeine 
or theobromine sodiosalicylate, may be 
also used if necessary. Mendel (Berl. 
klin. Woch., Nov. 21, 1921). 

Extensive war experience has con- 
vinced the writer that an aortic 
diastolic murmur between the ages of 
40 and 50 is nearly always of syphilitic 
origin. Even without any other evi- 
dence he advises neoarsphenamin and 
potassium iodide treatment. Amblard 
(Bull, med., Feb. 18, 1922). 

Further suggestions will he found 
under Treatment of Valvular Dis- 
eases, at the end of this section, page 
505. 

AORTIC STENOSIS. 
DEFINITION.— A lesion of the 
aortic valve obstructing the normal 
flow of blood from the left ventricle 
into the aorta. 

SYMPTOMS. — Well-compensated 
aortic stenosis may last for years with- 
out subjective disturbances. When 
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compensation begins to fail, the pulse 
may become very slow, even as slow 
as 50 to 25 beats a minute, and there 
is a great tendency to dizziness, faint- 
ness, syncope, and epileptiform at- 
tacks. The subjects are frequently 
syphilitic. In elderly persons the les- 
ion is generally due to simple arte- 
riosclerosis. Upon inspection, the 
heart\s apex may he seen downward 
and to the left from its normal ])osi- 
tion; but in vSome instances, wlien 
there is pulmonary emphysema or an 
unyielding chest wall, no cardiac im- 
pulse can be seen or even felt. 

Percussion may show scmie enlarge- 
ment of the left ventricle. Change in 
the right side of the heart docs not 
ensue until the later stages of the 
disease. 

I’alpation very often detects at the 
base of the heart on the right side a 
distinct rough, systolic thrill. 

Auscultation discloses a rough, 
long-drawn, systolic murmur, heard 
best in the second right interspace, of 
a sawing character, and transmitted 
into the carotids. It is followed by 
the second aortic sound, unless there 
is also a diastolic murmur, when the 
latter may supplant the normal valvu- 
lar sound. (3ftcn there is accentuation 
of the second aortic sound, particu- 
larly if there be chronic degenerative 
changes in the kidney. 

The murmur is not invariably harsh. 
It may exceptionally be st)ft and 
blowing, or even musical. 

DIAGNOSIS. — A sy.stolic murmur 
at the base of the heart may be heard 
in anemia, but this is usually in young 
subjects, and loud upon the left as 
well as upon the right side of the 
.sternum, and it is not accompanied 
by the characteristic thrill nor by 
hypertrophy of the left ventricle. A 


systolic aortic murmur is heard very 
frequently in connection with the 
murmur of aortic regurgilation inde- 
pendent of any stenosis. 'This mur- 
mur is comparatively soft in cliaracter 
and unaccompanied by thrill. A sys- 
tolic murmur may be heard in the 
aortic region caused by roughening 
of a calcitied aorta without the exist- 
ence of stenosis. Here we would fail 
to find enlargement of the left ven- 
tricle, or the peculiarl} slow,- infre- 
quent pulse of stenosis. Uie systolic 
bruit of a thf^racic aneurism, heard in 
the same region, would be accom- 
panied by ])ain, dilating tumor, X-ray 
shadow, and other signs of the true 
condition, and not associated with the 
peculiar pulse or with any hyper- 
trophy of the left ventricle unless 
there were coexistent aortic regurgi- 
tation. A mediastinal new growth 
may press iqion the aorta in such a 
way as to cause a liarsii systolic mur- 
mur, but without any necessary scle- 
rosis of the arteries, as seen in aortic 
stenosis, and with a tumor to be de- 
tected by percussion and by the X-ray. 
Moreover, the blood-count might aid 
here in diagnosis. 

The svst(dic murmur (»f pulmonic 
obstruction and that of jiatent ductus 
arteriosus are lu^t transmitted into the 
systemic arteries. 

ETIOLOGY,~-In some cases the 
valves appear as if the lesion might 
liave been congenital, but almost al- 
ways the disease develops late in life, 
and is a shnv, fibrous, and calcareous 
change in the valves associated with 
degenerative changes in the whole 
arterial system. The left ventricle is 
slightly dilated, but mainly hyper- 
trophied. 

PATHOLOGY. — Sometimes there 
is a subvalvular stenosis because of 
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fetal endocarditis. There may be 
vegetations on the valves due to endo- 
carditis. Usually the lesion is scle- 
rotic or calcareous. The coronary 
arteries may he involved, resulting in 
myocardial degeneration. 

PROGNOSIS. — The prognosis is 
comparatively favorable. Good health 
may be enjoyed for many years. 
When compensation begins to fail, 
sudden death, with cerebral .symp- 
toms, may occur. 

TREATMENT.— Iodide of potas- 
sium in small doses, long continued, 
may be of great value. 

For further suggestions the reader 
is referred to Treatment of Val- 
vular Diseases, on page 505. 

TRICUSPID REGURGITATION. 

DEFINITION. — Insufficiency of 
the right auriculoventricular valve. 

SYMPTOMS.— The symptoms of 
tricuspid regurgitation are those seen 
in most cases of ruptured compensa- 
tion, in valvular lesions of the left side 
of the heart, provided the patient lives 
long enough. They are headache, 
dizziness, indigestion, scanty urine, 
uneasiness in the right hypochon- 
drium, wakefulness, cyanosis, ana- 
sarca, and orthopnea. Sometimes 
there is a peculiar greenish coloration 
of the skin, due to a slight icteric hue 
mingling with the cyanosis. 

On physical examination we find by 
inspection a marked epigastric im- 
pulse, and by percussion a very ex- 
tensive dullness to the right of the 
sternum. The characteristic murmur 
of tricuspid regurgitation is a soft, 
low, systolic murmur, heard best at 
the left edge of the sternum between 
the fourth and sixth ribs, and trans- 
mitted toward the right. It is seldom 
audible above the third rib. The in- 


competency of the tricuspid valves 
causes dilatation of the subclavian 
and cervical veins, and when this has 
become so great that their valves are 
no longer competent the veins pul- 
sate with every systole of the heart. 
This pulsation may be seen some- 
times even in the axillary, thyroid, 
and mammary veins. The same sys- 
tolic centrifugal impulse is also trans- 
mitted downward into the liver, and 
this organ may exhibit an expansile 
pulsation with every cardiac systole. 

Heinrich Stern, in 1910, called atten- 
tion to a new posture which he found 
of value in detecting tricuspid regurgi- 
tation, of inducing the characteristic 
murmur of this disease when it has 
been absent, and making it more dis- 
tinct when it is vague and indistinct. 
When a patient is in the recumbent 
posture, if the head is lowered, the 
jugular veins become distended, and as 
a rule begin to pulsate. If the head is 
lowered beyond a certain degree, the 
pulsation and engorgement recede. 
This lowering of the head stretches the 
muscles of the head and also the jugular 
veins. This stretching is reflected in 
the tricuspid area, and murmurs are 
now evident which were not heard be- 
fore, or which were quite indistinct. 
Sachs (Med. Record, Feb. 10, 1912). 

The systolic murmur caused by tri- 
cuspid insufiiciency is best auscultcd 
between the ensiform and the left cos- 
tal margin with the patient lying on 
the right side and in deep inspiration. 
When the right ventricle is dilated and 
hypertrophied, palpation in the same 
area is also particularly enlightening. 
Harzer (Dcut. Arch. f. klin. Med., 
Oct. 26, 1920). 

DIAGNOSIS. — The systolic mur- 
mur of mitral regurgitation is heard 
upon the left side of the sternum ; as a 
rule, loudest at the apex, and trans- 
mitted toward the left axilla. If both 
the mitral and the tricuspid valves are 
incompetent, usually upon careful use 
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of the stethoscope an area can be 
found, going from left to right, where 
the mitral systolic murmur ceases, 
and on farther advance toward the 
right an area where the tricuspid mur- 
mur begins. Moreover, the latter 
murmur may be different in pitch and 
quality from the mitral murmur. 

In a certain number of cases, it is 
possible to exclude tricuspid insuffi- 
ciency, notwithstanding the existence of 
the jugular- ventricle pulse. These arc 
the cases in which the jugular pulse is 
so weak that it is scarcely recognized as 
such, but the pulse is of the permanently 
irregular type, there are no signs of 
stasis and there may be absolutely no 
heart murmur. These features of the 
case exclude tricuspid insufficiency. 
Only when the jugular-ventricle pulse is 
pronounced should it be suspected. 
Tiering (Med. KHnik, Sept. 19, 19()9). 

ETIOLOGY. — Tricuspid incompe- 
lency is usually secondary to dilata- 
tion of the right ventricle because of 
obstruction in the pulmonary circuit. 
This may be due to chronic bron- 
chitis, pulmonary emphysema, fibroid 
induration of the lungs, or to mitral 
disease. Of the.se two classes of 
causes, the pulmonary arc said to be 
of more unfavorable prognosis. Also, 
trieuwspid regurgitation may be di- 
rectly due to endocarditis. This may 
exceptionally affect primarily and 
alone the tricuspid valve, but it is 
mostly secondary to trouble upon the 
left side of the heart. If the endo- 
carditis is ulcerative, there may be 
secondary pulmonary abscesses. 

TRICUSPID STENOSIS. — Tri- 
cuspid stenosis is an extremely rare 
condition, causing obstruction of the 
right auriculoventricular valve. It 
may be congenital, in which case it is 
associated with other lesions, so that 
the patient seldom lives long. If ac- 
quired, it is almost invariably asso- 


ciated with other valvular lesions, 
particularly mitral stenosis. 

Its symptoms are cyanosis, sen.si- 
tiveness to cold, dyspnea, and palpita- 
tion. A presystolic thrill has been ob- 
served, and a presystolic murmur, 
heard best at the base of the xiphoid 
cartilage or toward the right from 
that point. 

The diagnosis of tricuspid stenosis 
is very difficult, fn a table of 117 cases, 
by Lendet, it was made out during life 
only 6 times. The lesion is almost al- 
ways combined with mitral .stenosis, and 
both usually result from rheumatism. 
The patients are mostly females and 
rarely more than 40 years old. With 
the usual signs of mitral .stenosis are 
associated, when combined wdth the tri^ 
cuspid lesion, a feeble thrill and murinur 
over the sternum. The enlarged auricle 
is also likely to be mHably enlarged, and 
before the heart breaks down there is 
likely to be subcutaneous dropsy, 
turgidity of the jugular vein.s, cyanosis, 
and (ly.sjmca. The prognosis is very 
bad in congenital cases, children seldom 
exceeding the fourth or fifth year. In 
the acquired disease the average dura- 
tion of life is 35 years. Crawford 
(Pract., I'eb., 1907). 

Stenosis of the tricuspid orifice can 
hardly ever be recognized by the usual 
clinical means of investigation; when 
graphic methods are employed its pres- 
ence can be determined positively. In 
reference to bis ease, the points to be 
noted are: The tracings obtained 
proved conclusively the pre.seiice of a 
tricuspid stenosis. Most likely there 
was also a mitral lesion, because of 
the systolic murmur transmitted to the 
left and the extensive enlargement of 
the heart to the left. hVlherhaum (Med. 
Rec., Aug. 28, 1909). 

Tricuspid stenosis is often due to 
endocarditis following rheumatism, or 
some other acute infection. The fact 
that it is almost invariably accompanied 
by lesions of the mitral or aortic valves 
confirms this view. Osier states that 
congenital cases are not uncommon ; 
they arc usually accompanied by some 
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other defect. But there are also cases 
of congenital origin. The.sc congeni- 
tally defective valves are undoubtedly 
very Iial)l(‘ to postnatal endocarditis. 
The consjiicuoiis symptom is the ex- 
treme cyanosis in the majority of cases. 
This is due to the marked venous stasis 
resulting from the tricuspid narrowing. 
Occasionally it has been absent. Other- 
wise, tliere is iKJthing characteristic. 
Dysjinea may be extreme when broken 
compensation, due to overdilatation of 
right auricle, supervenes. It is surpris- 
ing with what degree of comfort these 
patients are enabled to go about for 
years. T. B. h'utcher (Amer. Jour. 
Med. Sci., Nov., 1911). 

The etiology and ])athology are not 
different from those of the more com- 
mon valvular le.^ions. 

The prognosis is very unfavorable. 

TREATMENT.— This is impor- 
tant in the sense that the prognosis 
will depend upon the severity of the 
back pressure and the power of re- 
sponse to measures of relief. These 
measures should aim more at the re- 
lief (ff resistance than at increasing 
the i)ower of the heart. The heart 
needs soothing and rest, and if these 
are obtained relief for a considerable 
period may result. 

PULMONARY STENOSIS. 

DEFINITION. — Obstruction of 
the pulmonary valve. 

SYMPTOMS. — This condition is 
almost invariably congenital, and it 
is usually associated with other struc- 
tural anomalies, such as persistence 
of the foramen ovale and of the duc- 
tus Dotalli, and defects in the sep- 
tum ventriculorum. Most cases come 
to an early termination. Life is sel- 
dom prolonged beyond fifteen years. 
The marked symptoms are cyanosis, 
dyspnea, clubbing of the ends of the 
fingers, and deficient bodily develop- 
ment. 


Upon auscultation we hear a loud 
systolic murmur over a rather exten- 
sive area, but loudest in the second 
left interspace, and sometimes accom- 
panied with a systolic thrill. The pul- 
monary second sound is weak or 
absent, or it may be replaced by a dia- 
stolic murmur. The systolic murmur 
is not transmitted into the arteries of 
the neck, but in some cases seems to 
extend toward the left shoulder. 

DIAGNOSIS. — It should be borne 
in mind that functional systolic mur- 
murs ma3^ be heard in the second 
left interspace. They can be distin- 
guished by the other physical signs 
and the age and general appearance 
of the ])aticnt. And it should also be 
remembered that sometimes the mur- 
mur of mitral regurgitation may be 
heard along the left edge of the ster- 
num; but the latter murmur may also 
be heard in its usual position near the 
aj)ex or in the back near the angle of 
the scapula. Moreover, the general 
symptom-complex would doubtless 
aid in distinguisliing the true lesion. 

In 3 cases rei)ortcd by the writer 
mitral lesion so raised the pulmonary 
artery blood-pressure that that vessel 
and along with it the pulmonary orifice 
dilated and a murmur occurred, which 
appeared periodically in 2 of them 
over a period of years. These 3 cases 
are examples of the so-called Graham- 
Steeli murmur. In 2 other cases cited 
no such cause seemed to exist, and prob- 
ably the leakage was more due to re- 
laxed tissues about the pulmonary 
orifice than to any marked increase in 
the blood-pressure of the pulmonary 
artery. A pulmonary systolic murmur, 
the commonest of all functional bruits, 
probably depends on a dilatation of the 
pulmonary artery, and in most cases 
tends to disappear. When, however, the 
dilatation involves the pulmonary orifice 
so that a diastolic leakage occurs the 
condition is of more import, although 
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even yet it may completely clear up. 
Rudolf (Amer. Jour, of Med. Sci., 
Sept., 1911). 

ETIOLOGY. — Acquired pulmon- 
ary stenosis is rarely met with; the 
few instances on record beint^ as- 
cribed to acute rheumatism, acute in- 
fective diseases, and septic states, 
such as puerperal fever. Practically 
all cases, as previously stated, are 
congenital. 

PROGNOSIS. — The prognosis is 
always unfavorable. Resides the im- 
pending cardiac failure, such patients 
are notably predisposed to pulmonary 
tuberculosis. 

TREATMENT.— As to treatment, 
bronchial catarrh must be avoided, a 
dry and warm climate must be se- 
lected, and great exertion must be 
avoided. In general, the treatment 
must be symptomatic, on the lines 
applicable to cardiac failure, all indi- 
cations for which arc givxm below. 

PULMONARY REGURGITA- 
TION. 

Pulmonary regurgitation is deemed 
an excessively rare valvular lesion 
which is said to be accompanied by a 
diastolic murmur heard best over the 
pulmonary area, and transmitted 
downward and toward the xiphoid 
cartilage. It is usually associated 
with pulmonary stenosis or with some 
lesion on the left side of the heart. 
As distinguished frcjin aortic regurgi- 
tation, it does not present the arterial 
and capillary symptoms of that dis- 
ease, nor the striking hypertrophy of 
the left ventricle. 

High pressure in the pulmonary ar- 
tery may give rise to a functional leak 
in the pulmonary valves (Clraham Steel, 
Barr, Gibson, and others). For in- 
stance, this may Ije heard in some 
examples of mitral stenosis. In this 


case we have the picture of the principal 
organic lesion to show us the pi\)]K'r 
diagnosis. 

Pulnuniary rugiirj^itation is the rarest 
nf all h(*art lesions, ;iik 1 one whielj is 
lint often delected diirinj^; life. It may 
originate in diseasi' or defect of the 
vaUes themsehes, nr in dilatation of 
the pulmonary orilice, ,iiid of the artery 
as well, without ahnormality of the 
valves. It may he either structural or 
functional, the latter heiii); more fre- 
quent than the former. It is more 
fretiuenlly assf)ciate<l with mitral steno- 
sis than with any other heart lesion. 
It is also associated with ein]>hys<‘ma. 
The condition is snhsei|uent to the dila- 
tation of the in fundihuluin of the rij^ht 
ventricle. There are no indications for 
treatment of pulmonary regurgitation 
diff(Tent from those which arc apjili- 
cahle to valvular disea.se in general. 
Crawford (ITactitioner, Oct.. 1907). 

TREATMENT OF VALVULAR 
DISEASES. — Our first effort must 
he to promote and maintain jierfcct 
cfimpensation of the valvular lesions. 
( )ur most important means to tliis 
end is control of the diet and of the 
Iiodily and menial activities, d'hc diet 
should be simple, nutritious, easily 
digested, and tlie amount taken at any 
one time should lie moderate. A con- 
siderable j)rop<)rtion of nitn^genous ele- 
ments is desiralile; .sugar and starchy 
foods sliould he used si)aringly. d'hirst 
should mainly lie quenched with jiure 
water; tliis, again, is better taken fre- 
(|ucntly in moderate amounts tlian in 
exce.ssive draughts, d'ea is to he for- 
bidden. Coffee may l)c enjoyed in 
moderate quantity if its effects do not 
prove unfavorable. C'ocoa, milk, .sou])s, 
and broths are suitable elements of the 
diet. In elderly and feeble persons, and 
in those j)reviousIy habituated to its use, 
a moderate amount of alcohol may be 
advantageous ; but, in general, its daily 
employment is harmful. Mental strain, 
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overwork, worry, and excitement, even 
if pleasurable, shorten the prognosis of 
comfortable existence. 

The writer advises a light, nutritious 
diet, with a fair allowance of meats, 
fruit and vegetables, and not much 
starchy food. Not more than 2 pints 
of fluid a day should be taken. A 
warm, dry climate is best. A fair 
amount of exercise, short of actual 
fatigue, is beneficial, though if there is 
any indication of loss of compensation 
of the right ventricle, rest in bed 
should be at once adopted. In the 
medicinal treatment, he advocates de- 
calcifying agents, such as the soluble 
salts of phosphoric and citric acids, as 
calcium promotes formation of fibrous 
tissue and the cementing together of 
the edges of the mitral valve, and also 
promotes separate rhythm of the right 
and left ventricles by reducing the irri- 
tability of the latter. Small doses of 
calomel, colocynth or salines are also 
given, and, when the heart-action is 
labored and the pulse rather frequent, 
small doses of pilocarpine, fre(iuently 
combined with phosphoric acid and 
small doses of strychnine or compound 
syrup of hypophosphites. Small doses 
of iodine or thyroid arc beneficial 
where the thyroid gland is inactive. 
For hemoptysis, nitroglycerin and 
atropine arc used, and astringents con- 
demned. To clear out stagnant blood 
in the air cells, turpentine is best. In 
cardiac thrombosis and pulmonary em- 
bolism with urgent symptoms, strong 
ammonia should be freely used. A 
mixture of 3 minims (0.2 c.c.) each of 
aqua ammoniac fortior and spiritus 
chloroformi in a wineglassful of barley 
water every hour is effective. Digi- 
talis, strophanthus, squill, caffeine, etc., 
should he used only during periods of 
cardiac failure. Sir James Barr (N. Y. 
Med. Jour., May 16, 1923). 

Physical exercise is harmful unless its 
kind and amount be most carefully de- 
termined in each individual case, and 
— above all — its effects alertly ob- 
served for future guidance. The mod- 
erate employment of many muscles 


is, of course, much better than the 
undertaking of special feats of strength. 
Walking and horseback-riding are suit- 
able. Golf can be recommended for 
many patients with moderate lesions. 
Facing a high wind may be harmful to 
cardiac patients. When ordinary ex- 
ercise is no longer wise, massage and 
passive movements may be of great 
benefit ; also stimulating baths, as 
those of Nauheim. Many patients 
are anemic, and are benefited by iron, 
and others by arsenic; but this latter 
drug should not be used where there 
is any suspicion of tendency to fatty 
degeneration. Cases which evince a 
liability to pulmonary disturbance 
(especially mitral diseases) should be 
guarded against exposure to cold and 
wet. 

If sudden cardiac failure develops, 
particularly in mitral cases, the ab- 
straction of 10 or 20 ounces of blood 
from a vein may save life. If the 
symptoms are less urgent, analogous 
relief may be obtained by a purge, in 
which case calomel seems particularly 
efficacious. 

In mitral regurgitation and also in 
tricuspid regurgitation, two main lines 
of treatment are indicated, vi::., to re- 
duce resistance in the vessels and in- 
crease the power of the heart. 

There are cases, commonly those 
in which dropsy is not prominent, 
in which the strain on the right heart 
is so great that the patient is livid 
and on the verge of suffocation; then 
early venesection, followed by diffus- 
ible stimulants, such as ammonia and 
ether, offers the best chance. Acute 
distress of this kind in tricuspid regur- 
gitation is nearly always attended by 
two dangerous auxiliaries, sleepless- 
ness and vomiting, directly due, in 
each case, to venous stagnation. Sleep 
must be obtained, and at times at any 
price. Morphine may be given most 
safely in the form of suppository, but 
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if given subcutaneously it may be ad- 
vantageously combined with strych- 
nine. Crawford (Practitioner, June, 
1907). 

When the signs of failing compensa- 
tion are more gradual, our best remedy 
is complete rest in bed. A fortnight 
or tv^o thus spent may fully restore com- 
pensation, independently of any drugs. 

The treatment of mitral stenosis in 
childhood is mainly the treatment of 
rheumatism. The i)arents should be 
warned of the meaning of sore throats, 
fleeting pains, nervousness and chorea, 
feverishness and pallor. If possible 
such children should be taken from 
damp, low-lying luniscs, and properly 
clothed and their extremities protected. 
Large unhealthy tonsils should be enu- 
cleated. Spring and autumn, and par- 
ticularly sudden damp cold after much 
heat, should be a signal for added 
watchfulness. Early symptoms should 
be promptly treated by rest and warmth 
and the use of sodium salicylate. F. 
J. Poynton (Clin. Jour., July 21, 1909). 

In mitral stenosis it is not necessary 
to employ any medication having a 
special action on the heart and circula- 
tory system, so long as compensation is 
fairly good and the central organ is 
doing its work efficiently. It is when 
the heart is flagging that special treat- 
ment is called for. A long rest in bed, 
say for a month, will often restore a 
laboring heart to an efficient discharge 
of its work. But the time comes, 
sooner or later, when compensation 
fails, and more energetic measures are 
called for. 

Rest in bed is again one of the best 
aids to recovery in these cases. In the 
earlier stages of cardiac failure, the 
freshly made infusion of digitalis is 
the most reliable, given in full doses 
for three or four days, while the 
patient is resting in bed. 

Convallaria majalis has certain ad- 
vantages, in that it has no cumulative 
effect, and does not so readily produce 
nausea as does digitalis. It is well to 
commence with small dos..s (10 minims 
— 0.6 c.c.) of the tincture. Strophan- 


thus in the form of tincture may be 
prescribed in doses equal to those of 
the tincture of digitalis. It is espe- 
cially valuable as a cardiac stimulant 
before edema has commenced. 

There comes a time when the heart 
ceases to respond to any of these reme- 
dies when used singly. Then all three, 
digitalis, convallaria majalis, and stro- 
phanthus, are combined, and give re- 
markable results. 

When stenotic patients have hemor- 
rhage from the lungs, nothing should 
be done to arrest it provided it is not 
excessive. It is evidence that the pa- 
tient ought to have been treated by 
bloodletting. Taylor (Practitioner, 
Aug., 1912). 

A combined solution of French digi- 
talin, 0.1 mgni. grain), and 

ouabain, 0.2 nigm. grain), in 0.75 

c.c. (12 minims) of fluid, known as 
digibain, proved successful in some 
advanced heart cases. The amount 
referred to, or 1 c.c. (16 minims), was 
injected intravenously. 

Amotig the cases reported by the 
writers was 1 of mitral stenosis and 
myocardial insufficiency refractory to 
other measures, in which intravenous, 
followed by oral, use restored and ket)t 
the patient relatively well. Laubry, 
Routier and Giroux (Hull. Soc. nied. 
des hop. de Paris, Feb. 8, 1923). 

In cases which have advanced still 
farther downward, cither in spite of or 
before our ministrations, the treatment 
becomes the same as that indicated in 
dilatation. Briefly, this consists of 
absolute rest in bed, or if he cannot 
lie horizontally, in a chair. The diet 
should be bland but include viands, 
cgi^s, fowl, and gruel. Alcohol and 
wines should be kept for emergencies. 
Laxatives and even purges are very 
helpful, acting sometimes like vene- 
section, in relieving engorgement. 
Blue mass or calomel followed the 
next day by a saline prove most satis- 
factory. Equal parts of potassium 
bitartrate and jalap powder 1 to 2 tea- 
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spoonfuls are also effective. To sus- 
tain the heart, our best stimulant is 
digitalis. This is indicated only when 
the heart’s action is feeble and in- 
effective, particularly if rapid and 
irregular. A complete study of the 
therapeutics of digitalis and partic- 
ularly in i.ts relation to valvular dis- 
orders will l)e found c)n page 109 of 
the present volume. 

If there is considerable dropsy, 
digitalis will work to much better ad- 
vantage if preceded by free purgation 
with calomel, blue mass, or a concen- 
trated solution of sulphate of mag- 
nesia. The mercurials seem to pos 
sess a peculiar power of dilating the 
arterioles, which other purgatives do 
not have. Digitalis is much more 
effective if great bodily quiet is en- 
forced during its administration. If 
given at all, its dose should be such 
as experience finds suitable in the 
particular case in hand. If an ordinary 
dose does not seem to be of much bene- 
fit, gradually increasing amounts should 
be given until cither there is imi)rove- 
ment in the pulse or some toxic effect 
appears. 

Nausea and diminution in the amount 
of urine arc signs that digitalis had 
better be omitted. Some excellent ob- 
servers believe that better results can be 
obtained from the use of the digitalis 
leaves, or an infusion made from 
them, than from the tincture. An 
easy way to obtain a fresh infusion 
for the patient is to order powders of 
digitalis, each one of sufficient size to 
make an infusion for twenty-four 
hours^ use. No alkaloid of this drug 
appears to represent all its beneficent 
powers. In some instances, where 
there was obstinate vomiting, digitalis 
has been given with advantage by 
enema. When the heart appears to 


have come under its influence, we 
must be prepared to interrupt its ad- 
ministration as soon as there is any 
diminution in the secretion of urine 
or tendency to nausea or to a fresh 
irregularity of the pulse. 

If digitalis, after a careful and per- 
sistent trial, proves unavailing, recourse 
may be had to tincture of strophan- 
thus, caffeine, sparteine, adonidin, or 
convallaria majalis ; but, unfortu- 
nately, these are seldom of great ad- 
vantage. Strychnine is a valuable, 
general, and cardiac tonic. It may be 
used to supplement other treatment, 
and also subcutaneously in case of 
dangerous collapse. 

Nitroglycerin will often give great 
relief to cardiac distress and to dyspnea, 
])articularly where the pulse is hard or 
where there is cyanosis. 

In case of marked dropsy diuretin 
will sometimes prove very valuable. 
Another suitable remedy is a ])ill 
composed of 1 grain each of squill, 
digitalis, and blue mass, adminis- 
tered three times a day. If the kid- 
neys are practically intact, calomel 
may be administered as a diuretic in 
the dose of 3 grains every three 
hours until effect: either decided 
j)urging or marked diuresis. The 
likelihood of purging may be dimin- 
ished by combining, with this dose 
of calomel, opium in the amount oi 
1/2 to 1 grain. In case there is a con- 
siderable collection of fluid in serous 
cavities aspiration may give great tem- 
])orary relief and enable the heart to 
recover some of its lost power; and 
when the legs are extremely edem- 
atous, the use of Southey’s tubes or 
scarifications under antiseptic precau- 
tions may be of great service. 

Herman F. Vickery, 
Boston. 
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ENDOMETRITIS. — DEFINI- 
TION. — l£ndometritis is an inflam- 
mation or hy])erplasia of the uterine 
mucous membrane involving, to a 
greater or less extent, the ])aren- 
chyma of the uterus. 

VARIETIES. — Both in a clinical 
and a pathological sense, it is con- 
venient to divide the disease into 
two varieties, viz.: (1) interstitial or 
se])tic endometritis, and (2) glandu- 
lar or functional endometritis, or 
hyperj)lasia. Either of these two 
varieties may exist in the acute and 
chronic form, but the chronic form 
may follow a mild and overlooked 
acute attack, or may supervene in a 
gradual manner without being pre- 
ceded l)y a recognizable acute attack. 

Another chronic form affects the 
tipper portion of the cervix at or con- 
tiguous to the internal os. 

SYMPTOMS. — The sym])toms 
may be divided into ( 1 ) disturbances 
of the sexual functions, (2) inter- 
menstrual discharges, (2) pain and 
discomfort in and about the uterus 
or radiating from the uterus, (4) re- 
flex disturbances, and (5) general 
symptoms. 

Mcm^rrhagia is one of the most 
frequent symptoms in the early 
stages, and in the glandular variety 
it often persists for a long time as 
the most prominent one. The flow 
may be moderately increased in 
amount or be a profuse hemorrhage 
with the passage of clots; it may be 
prolonged or may recur too often. 
In the later stages of septic or inter- 
stitial endometritis the menses are 
sometimes scanty. In certain acute 
attacks the menstrual flow is sup- 
pressed. 

Dysmenorrhea is common in cases 
connected with flexion, jmerile cer- 


vix, or inflammation of the ai)])end- 
ages. 

Dyspareunia and sterility may be 
jiresent under the same conditions. 

Leucorrhea is usually noticeable 
in the glandular variety and in the 
early stages of the seiitic. In the 
former the corpus secretes a thin, 
and the cervix a thick, clear mucus, 
both of which may be transformed 
into minute white coagula, at the ex- 
ternal os, by the acid vaginal secre- 
tion, and ai)])ear at the vulva as a 
white or greenish-white discharge. 
In some cases the ca)rt)oreal mucus 
is intermittingly tinged with blood. 
The leucorrhea may last throughout 
the month or only for a few days 
after the cessation of the monthly 
flow. In the sejitic variety the dis- 
charge is at first purulent, but later 
becomes mucopurulent. In cases of 
long standing cervical mucus may 
1 ecome exceedingly viscid when it is 
retained in the enlarged cervical 
glands, and gathers into a large, 
tenaciously adherent lump or i)lug 
at the external os. it sometimes has 
a disagreeable odor when it reaches 
the vulva. 

Tain may be felt in the sacral or 
lumbar region, and may extend 
across the back or up the spine to 
the occipital region, or down the 
course of the sciatic nerve. C utting 
or cramping j>ains across the lower 
abdomen or pubic region may be 
complained of, depending upon pain- 
ful uterine contractions dtte to the 
expulsion or attempted expulsion of 
uterine discharges. irritability of 
the bladder or rectum, or pain in the 
vagina or pubic bones, may be 
prominent. Feelings of weight in 
the vagina, and sensations as of \)ro- 
lapse of the pelvic organs are present 
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in some cases. Intercostal neuralgia 
is not uncommon. 

Menstrual pain of a burning or 
aching character may be felt in the 
pelvis and l;ack, or the pain may be 
suprajmlnc and colicky. It may last 
one or more days or throughout the 
period, and even for several days 
afterward. When the mucous mem- 
brane is exfoliated the uterine con- 
tractions are frequent and exces- 
sively painful, and last until the 
membrane is expelled. 

Gaseous distention of the intes- 
tines, constipation, impaired diges- 
tion — with its accompanying re- 
flexes, photophobia, and pain in the 
eyes after prolonged attempts at 
reading — are the ordinary reflex dis- 
turbances. Mental depression, worry, 
and the various manifestations of 
hysteria and neurasthenia are some- 
times classed among the reflexes, al- 
though they are, as a rule, largely 
dependent upon other conditions and 
circumstances. 

Chills, fever, and the other general 
symptoms of inflammation and sep- 
sis are observed in acute endometri- 
tis. 

In chronic cases anemia and nerv- 
ous debility are often present, and 
seem to favor the development of 
reflex symptoms. 

In the chronic endometritis which 
affects the upper portion of the cer- 
vix at or contiguous to the internal 
os the internal os dilates only 
slightly, its lumen is crowded with 
swollen and obstructed glands, and 
the circulation is interfered with at 
first by the pressure from within, and 
later by pressure from without due 
to a contracting band of inflamma- 
tory exudate. On account of such 
interference resolution does not take 


place to the same extent as below, 
and a ring of imperfectly organized 
connective tissue remains whose up- 
per edge is at or just above the os 
and whose lower edge merges into 
the somewhat thickened mucous 
membrane below it. In multiparae 
this band does not necessarily inter- 
fere with uterine drainage, but in 
iiullipariE it usually takes on some 
of the characteristics of stenosis. 

The diagnosis made by means of 
the sound is confirmed by the results 
of the treatment, viz., the disappear- 
ance of the physical signs and the 
relief of subjective symptoms such 
as backache, headache, reflex stom- 
ach disturbances, malaise, dysmenor- 
rhea, menorrhagia, intermenstrual 
pain, and sterility. The number and 
severity of the symptoms vary 
greatly in different cases. Some 
patients do not complain of many 
symptoms although chronic inflam- 
mation in this location jiroduces 
more subjective symptoms than in- 
flammation in any other part of the 
uterus. Its symjitcnns arc often at- 
tributed to a corporeal endometritis 
when such a condition is not present. 

In all cases of chronic cervical en- 
dometritis or supposed corporeal en- 
dometritis a search .should be made 
for induration about the internal os. 
The first and most noticeable sign in 
all but the most chronic cases is pain 
produced by slight pressure of the 
sound. When the os is anatomically 
small or is flattened by flexion, the 
pressure is not painful until it causes 
some dilatation or straightening or 
at least until it becomes firm. When 
the sound is passed through an in- 
flammatory constriction with slight 
pressure, its withdrawal is followed 
by a show of blood at the internal os 
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or by a stain of blood on the sound. 
That the tenderness is primarily at 
the internal os, and not due to a gen- 
eral intrauterine tenderness, is evi- 
dent from the cessation of the pain 
almost as soon as the bulbous end 
of the sound has passed the internal 
os. When the constriction does not in- 
terfere with the passage of the sound 
a little gentle manipulation can be 
made to locate the tender area at the 
internal os. When the ordinary uter- 
ine sound thus passes without en- 
countering resistance, a series of 
graded sounds which taper slightly 
at the end are necessary both for the 
diagnosis and the treatment. 

In some cases the ring of exudate 
can be traced by the uterine sound 
around the entire circumference; in 
others, a part of the circumference 
will have no ridge but is flat, smooth, 
and of a cicatricial hardness indicat- 
ing partial or complete local destruc- 
tion of the mucosa. 

DIAGNOSIS. — Endometritis must 
be differentiated from angioma, tu- 
berculosis, carinoma, and myoma of 
the uterine mucous membrane. 

Besides the symptoms, tenderness 
of the uterus, as evidenced by bi- 
manual palpation, and sensitiveness 
of the endometrium at the internal 
os and fundus, as demonstrated by 
the passage of the sound, are of diag- 
nostic value. The withdrawal of the 
sound may be followed by a slight 
flow of blood or mucus. 

It is difficult to distinguish angi- 
oma from hemorrhagic glandular en- 
dometritis, except by the aid of the 
curette, which, in the latter case, will 
bring out some of the hyperplastic 
mucous membrane. 

In tuberculosis of the endome- 
trium the curette will find necrotic. 


cheesy particles, and, perhaps, tuber- 
culous tissue. An accompanying bi- 
lateral salpingitis and pelvic peri- 
tonitis with encysted a.scites, partic- 
ularly in virgins, indicate the condi- 
tion. Tuberculosis elsewhere and a 
slowly progressive anemia add ])rob- 
ability. 

In carcinoma aad sarcoma watery 
discharges, fetor; gradually increas- 
ing, intermittent metrorrhagia; rapid 
])rogress, and the microscopic exam- 
ination of the findings of the curette 
are diagnostic. Carcinomatous infil- 
tration of the cervix produces a glob- 
ular enlargement that affects the 
supravaginal portion as much or 
more than the vaginal. Carcino- 
matous ulceration is excavated, fis- 
sured, pale red or grayish, with vas- 
cular spots that are friable and bleed 
easily upon being touched. A tenac- 
ulum tears it easily and causes abun- 
dant hemorrhage, but will hold 
firmly in an inflamed cervix. When 
there is cystic degeneration the ten- 
aculum may tear out easily, but it 
causes a flow of mucus from the 
lacerated follicles with or without 
some hemorrhage. The inflamed 
cervix is usually soft and elastic ; the 
carcinomatous, cither hard or friable. 
Carcinomatous ulceration of the cer- 
vical cavity is excavated, dark or dull 
gray in color, bleeds slightly when 
touched, and conveys a slight 
odor to the cotton with which it is 
wiped. 

Small intra-uterine and submucous 
myomata usually cause marked en- 
largement of the uterine cavity, and 
can sometimes be felt by the sound. 
Digital examination of the endome- 
trium through the dilated and incised 
cervix is of great value in discover- 
ing this, as also other conditions, al- 
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though the procedure is only advis- 
al)le in rare instances, 

ETIOLOGY , — Acute glandular en- 
dometritis may result from trauma or 
taking cold during the menstrual con- 
gestion, e.g., by suppression of men- 
struation from exposure to cold, ex- 
cessive coitus, overexertion, or blows 
upon the lower abdomen during men- 
struation. Poisons, such as phos- 
phorus and the essential oils, are oc- 
casional causes. 

Acute interstitial endometritis is 
caused by infection, such as inocula- 
tion by gonorrheal pus during or fol- 
lowing coitus, infection of retained 
secundines, or the extension of sepsis 
from vaginal inflammation. It may 
also follow traumatism with imme- 
diate or subsequent infection, such as 
lacerations of the cervix during labor 
or by instrumental dilatation, curet- 
tage of the endometrium, the intro- 
duction into the uterus of strong irri- 
tants, the use of intrauterine stem 
pessaries or poorly fitting vaginal 
pessaries, irritating and unclean tam- 
pons, etc. 

Most gynecologists believe that 
when a hitherto healthy woman de- 
velops within the first year or so of 
married life, or after her first preg- 
nancy, an ascending endometritis and 
adnexitis, the latter is surely gonor- 
rheal in origin, though examinations 
of the husband have failed to demon- 
strate gonococci. The writer believes 
that in most instances there may not 
be a true gonococcal infection. Many 
of the failures of gonococcal vaccines 
are attributed to this fact. Other or- 
ganisms may be forced into the 
uterus by douches given under high 
pressure. Moreover, in post-gonor- 
rheal urethritis in the male, quanti- 
ties of bacteria of various kinds are 
harbored in the urethra long after 
gonococci have disappeared. In some 
cases these organisms may cause in- 


flammation of the female organs. 

Neisser (Med. Klin., xi, 511, 1915). 

Traumatism or reinfection may con- 
vert a chronic into an acute endome- 
tritis. 

Chronic glandular endometritis may 
be caused by interference with the 
menstrual function by taking cold, 
overexertion, excessive coitus, labori- 
ous or sedentary occupations, uter- 
ine displacements, obstinate constipa- 
tion, etc. The same causes may act 
during puerperal involution or after 
abortion. Excessive coitus, masturba- 
tion, ovaritis, uterine fibroids, inflam- 
mation in neighboring pelvic organs, 
and interference with uterine drain- 
age by stenosis may lead to it. 

Acute attacks and the above-men- 
tioned causes increase the hyperemia 
and evolutionary changes of the en- 
dometrium that prepare it for the 
formation of the decidua, and disturb 
the involution that normally follows 
each menstruation. Hence, glandular 
endometritis differs at first but little 
from a subinvolution of the endome- 
trium, and is not an inflammation ac- 
cording to the ordinary acceptance of 
the term. 

The researches of Hitschman and Adler 
and others showed that endometrial lesions 
formerly regarded as inflammatory are in 
reality to be considered as alterations re- 
lated to menstruation. The premenstrual 
endometrium shows a pronounced tend- 
ency to hyperplasia, becoming three or four 
times thicker than normally, with the cells 
edematous, the glands elongated, tortuous 
and distended with secretion, and the 
mucosa as a whole simulating a decidual 
formation. On the basis of these findings, 
some authors have even denied the occur- 
rence of chronic endometritis; a more gen- 
eral opinion is, however, that true inflam- 
mation of the endometrium should be re- 
garded as present only where there is 
round-cell and plasma-cell infiltration, to- 
gether with indications of fibrosis. — E d. 






■■•i', ■ /& ■-•I .■ 


n 

1 .'•, 


V. ftoV'I-VA- 




-D#- tlfti-'? 


' ''z'* ’ 

rv 



l-Vi "islol,,^., „f ,- . - 




ENDOMETRITIS (BYFORD). 


513 


Chronic interstitial inflammation may 
result from one or more acute attacks 
or from infection by objects introduced 
into the vagina or uterine cavity, 
whether by operation, examination, 
or improper attempts at medication. 

PATHOLOGY.— The mucous 
membrane of the cervical cavity pre- 
sents the same changes as those of 
other mucous membranes. 

The alkaline mucous discharge that 
hangs from the cervix, together with 
the congestion and infiltration, often 
produces an exfoliation of the epithe- 
lium about the external os, with re- 
production in the form of immature 
cylindrical epithelium. This condi- 
tion is called simple erosion. The in- 
filtration and swelling of the sub- 
mucous tissues cause more or less 
of a rolling out, or eversion, of the 
mucous membrane of the cervical 
cavity, which is more pronounced on 
a lacerated cervix. More or less fold- 
ing of the infiltrated mucous mem- 
brane may give the ai)pearance of a 
papillary or granular surface, which 
is called papillary erosion. Pockets 
may form in these folds, and, together 
with the everted cervical glands, may 
l)cc(3me occluded, giving rise to a cys- 
tic condition called follicular erosion. 
These follicles may become so numer- 
ous, or one or two may become so 
large, that the normal cervical tissue 
is either displaced or replaced by 
them, and cystic degeneration results. 
Sometimes localized hyperplasias are 
present, with projection of glandular 
polypoid masses. 

Some of the above-mentioned changes 
are shown in the annexed colored 
plate. 

The uterine mucous membrane 
above the internal os has somewhat 

different characteristics from those 

4-S3 


of other mucous membranes which 
have different functions. Its glands 
are simple depressions or epithelial 
tubules that extend to the muscular 
walls underneath. Instead of being 
imbedded in firm connective tissue as 
are the cervical glands, they are sur- 
rounded at their inferior extremities 
by muscular fibers projecting from 
the muscular walls, which constitute 
an ill-defined muscular structure 
called the muscularis mucosae. In 
the interglandular or intertubular 
spaces or fluid are found delicate con- 
nective-tissue fibers and round or ob- 
long cells resembling lymph-cells, 

Followiiif? the investigations of 
Hitsclinian and Adler, showing that 
many so-called cases of chronic endo- 
metritis were attended merely by 
physiologic changes due to the men- 
strual function, it became a fairly 
general opinion that chronic endo- 
metritis was a comparatively infre- 
quent condition. This opinion is 
questioned by the writers on the 
basis of 2 J /2 years* examination of 
routine curettings. They believe that, 
to make a diagnosis of chronic endo- 
metritis, it is necessary to find small 
round cells; if alone, in considerable 
quantity. These must infiltrate the 
upper half of the endometrium either 
in a diffuse manner or in small 
groups. They should also be found, 
if present in any great number, 
grouped around the glands, .both 
superficial and deep. In 305 speci- 
mens, they were able to diagnosticate 
chronic interstitial endometritis in 70 
cases. These are divided into classes 
according to the menstrual phase. 
This placed 16 specimens in the early 
premenstrual phase; 1 in the men- 
strual phase, while postmen strual 
mucosae were found 15 times, 7 early 
and 8 late. Thirty-seven specimens 
were found in the interval. The 
glands w^erc pathological in 12 in- 
stances, the diagnosis of gland hyper- 
trophy being made 5 times and of 
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gland Hyperplasia 7 times. There was 
one senile endometrium, and in 2 
cases there was tuberculosis. Small 
round cells were found alone 24 times, 
with plasma cells 41 times, and with 
polynuclear leukocytes 5 times. Chronic 
interstitial endometritis is rather fre- 
quently met with. The presence of 
small round cells alone in marked 
numbers, as was the case in 24 in- 
stances in the writers* series, is suffi- 
cient evidence for a diagnosis of chronic 
interstitial endometritis. Schwartz 
and Kohlbry (Jour. Mo. State Med. 
Assoc., xvi, 209, 1919), 

When subjected to intense, pro- 
longed congestion, an infiltration of 
serum takes place, raising the epi- 
thelial surface and causing a prolifer- 
ation of the epithelial cells, with 
enlargement, as well as wrinkling, 
twisting, or bending of the glandular 
tubules, or, in severe cases, a forma- 
tion of new depressions or tubules, 
some of which may become closed by 
bending or swelling at their orifices. 

In some cases the epithelium pro- 
liferates within the glands, forming 
more than one layer. Round-cell in- 
filtration and formation of new inter- 
glandular tissue may take place, with 
proliferation of the epithelial cells 
within the glands so that they may 
form more than one layer, particu- 
larly if septic infection intervenes. In 
such cases agglomerations of glands 
surrounded by a small amount of con- 
nective tissue project from the sur- 
face, forming polypoid masses, which 
may spring from every part of the 
mucous surface. 

The uterine walls are usually also 
congested, and some round-cell infil- 
tration takes place about the blood- 
vessels, which, in time, leads to the 
formation of adult connective tissue. 
Contraction in this connective tissue 
may finally cause anemia of the uter- 


ine walls and more or less atrophy of 
the muscular fibers. 

The mucous membrane is hyper- 
emic, softened, thickened, and dark 
red in color. In places it may have 
a mottled appearance, due to minute 
extravasations of blood. The surface 
is smooth, sometimes irregular, and 
is moistened with a thin, clear, gray- 
ish or pinkish mucus. The pouting 
mouths of the congested and enlarged 
glands are visible. The uterine walls 
are slightly thicker and the uterine 
cavity somewhat longer than normal 
(from to 3 inches deep from the 
external os to the fundus). This con- 
dition is that of glandular endometri- 
tis, or hyperplasia of the endometrium, 
and is seldom the result of infection. 
It is, as a rule, chronic. 

Hyperplasia of the endometrium, as 
first described by Cullen in 1900, is 
one of the most important of all 
endometrial lesions. Its characteris- 
tic symptom is bleeding. Patho- 
logically it exhibits hyperplasia of 
both epithelial and stromal elements 
in varying degree and proportion. In 
sections the glands are of the “Swiss 
cheese** pattern, large dilated glands 
occurring side by side with small and 
narrow glands. The epithelium may 
be considerably thickened, while the 
stroma is often over-abundant and 
may show mitoses. Grossly the endo- 
metrium may be enormously in- 
creased in amount, and may present 
the picture often incorrectly described 
as “chronic polypoid endometritis.*’ 
In nearly Yz of the writers* 66 cases, 
however, it was of normal thickness, 
and in over it was smooth. The 
hyperplasia may be localized in 
uterine polypi, in which case bleeding 
is usually absent. About Yt the cases 
were over 40 years of age. No defi- 
nite abnormality in menstrual history 
prior to onset of the symptoms of 
hyperplasia was noted. At such onset 
there was nearly always excessive 
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menstruation, usually both as to 
amount and duration. Passage of 
clots is not unusual. Amenorrhea 
occurred in % of the cases. Preg- 
nancy occurred in but 2 cases after 
onset of hyperplasia, although about 
of the patients had previously had 
full term pregnancies. The most im- 
portant and largest group of hyper- 
plasia cases is that occurring at or 
near the menopausal age; these cases 
come into diagnostic conflict with 
cancer. In many instances climacteric 
bleeding proves to be due to hyper- 
plasia, a benign condition with no 
tendency toward malignancy. E. 
Novak and AlartzloflF (Anier. Jour, of 
Obstet. and Gyn., Oct., 1924). 

During the menstrual periods the 
congestion is intense, and there is 
more or less extravasation of blood 
in the interglandular spaces, leading 
to extensive exfoliation of the epi- 
thelium and detachment of mucosa. 

When the congestion results sud- 
denly from causes acting during or 
just before the menstrual period, it is 
also intense and accompanied by in- 
terglandular extravasation and blood- 
stasis that interfere with the men- 
strual discharge, and which, if not 
relieved, run into the chronic form. 

In acute septic endometritis the 
blood-vessels of the endometrium are 
engorged and increased in number. 
There is considerable exfoliation and 
proliferation of the epithelial cells, 
sometimes to such an extent as to 
cause a superficial necrosis. The in- 
terglandular spaces are crowded with 
round cells, leucocytes, and cocci, 
which may extend into the muscularis 
mucosae, and, if streptococci be pres- 
ent, a short distance into the uterine 
walls. Congestion, extravasation of 
blood, serous and round-celled infil- 
tration take place throughout the 
uterine tissue, and a fibrinous exudate 
may appear on the peritoneal surface. 


There is a more or less abundant 
flow of pus from the endometrium. 

Investigation on puerperal endo- 
metritis which led to the conclusion 
that the antecedents and modern ob- 
stetric procedures are apparently not 
causative of this condition, which, on 
the other hand, seems to bear a close 
relation to constipation. The writer 
urges more dependence upon the bac- 
tericidal power of the lochia. Flush- 
ing of the uterus or vagina is thus 
contraindicated, as it removes the 
antibodies furnished by the system 
before they have had an opportunity 
to carry out their curative function. 
Indicated measures are vaccine ther- 
apy, heart tonics, and procedures 
tending to enhance leukocytosis. The 
causative infection in the author’s 
cases was found to be either a pneu- 
mococcus or Streptococcus viridans. 
Grct (Semana med., Aug. 10, 1922). 

In chronic septic endometritis round 
cells and leucocytes crowd the inter- 
glandular spaces, compressing the 
glands, and in places penetrating and 
destroying them. After a time, the 
formation of contracting adult con- 
nective tissue compresses and oblit- 
erates some glands, and obstructs the 
mouths of others, converting them 
into small cysts. The epithelium in 
the atrophic glands and on the sur- 
face also degenerates, so that in old 
and senile cases the mucous mem- 
brane may be represented by a thin 
layer of sclerotic connective tissue 
with only vestiges of epithelial struc- 
ture. 

The uterine walls, at first hyper- 
emic and infiltrated to a greater or 
less depth with serum and round cells, 
are thicker and softer than normal, 
but later, owing to the contraction 
of the inflammatory tissue, become 
hardened. The atrophy of the muscu- 
lar tissue and absorption of the serum, 
as well as the senile changes, may 
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finally lead to a diminution in size of 
the entire organ. 

Endometritis occurring in connec- 
tion with absorption may interfere with 
the atrophy of the decidua, and 
masses of decidual cells may be found 
in the endometrium in connection 
with the round-cell infiltration. 

In cases of hyperplasia of the 
uterine mucosa in mature women the 
author has sometimes found inclu- 
sions in this mucosa which exhibited 
the morphologic appearance of rem- 
nants of gestation products. Post- 
abortal endometritis seems to be the 
cause not only of metrorrhagia but 
also of the frequent endometrial hy- 
perplasia following interruption of a 
pregnancy. Such endometritis may 
likewise hinder maturation of the 
ovarian follicles, the stimulus connect- 
ing the ovarian with the uterine func- 
tions travelling, under these circum- 
stances, not from the ovary to the 
uterine mucous membrane, but in the 
reverse direction. Lahm (Zent. f. 
Gyn., Aug. 14, 1920). 

In some cases the menstrual con- 
gestion is so great that an acute at- 
tack is practically lighted up at each 
period. The stroma-cells are enlarged 
and resemble decidual cells, and the 
tissues are crowded with leucocytes. 
The congestion is so great that there 
is an abundant extravasation of blood 
in the interglandular spaces, which 
so loosens the superficial portion as 
to cause its exfoliation in places or 
even entire, as a more or less complete 
cast of the uterine cavity. 

After the menopause the cervix 
may become stenotic, and the dis- 
charges be retained. The uterine cav- 
ity may then become distended by an 
offensive and purulent fluid, and the 
uterine walls attenuated. 

The term chronic endocervicitis has been 
used by Sturmdorf as a comprehensive 
appellation covering such various manifes- 


tations as cervical catarrh, simple follicular 
or papillary erosion, eversion, ectropium, 
ulceration, hypertrophy of the cervix, etc., 
all of which are held to depict merely 
different features of the same infectious 
process. He regards the cervix as an im- 
portant focal source of infection, from 
which, through a chronic ascending lym- 
phangitis — and not an endometritis, the 
corporeal endometrium being rather resist- 
ant to infection — there may result impair- 
ment of uterine, tubal, and ovarian func- 
tions, and in particular, disturbances of 
menstruation, fecundation, and deciduation. 

Infection of the cervix, according to 
Sturmdorf, may date back to a vulvitis in 
early infancy. By far the commonest 
provocative organism in chronic endocer- 
vicitis is the gonococcus, streptococcic, 
staphylococcic and colon bacillus infections 
following it in order. Predisposing to it in 
infants are the exanthemata, protracted 
diarrheas, and general debility; in adults, 
cervical maldevelopment and trauma by 
cauterizations, dilatations, curettage, or 
birth injuries. Objectively, in the nullipara 
with dysmenorrhea and sterility there is an in- 
flammatory halo encircling a small pouting os 
with a tenacious cluntp of mucus ; in the multi- 
para, there are lacerated, eroded hypertrophied 
lips, honeycombed with Nabothian cysts 
under a granular surface that bleeds at the 
slightest touch. The condition is primarily 
an infection of the deeply situated terminal 
tufts of the endocervical muciparous glands. 
The cysts result from duct occlusions, 
while if the process becomes purulent, the 
cervix is riddled with chronic miliary ab- 
scesses. — E d. 

PROGNOSIS. — The prognosis of 
acute interstitial metritis in the puer- 
peral state or after abortion is grave. 
The patient may die of septicemia, or 
the disease may extend to the Fallo- 
pian tubes, ovaries, and peritoneum, 
or into the veins or lymphatics of the 
broad ligament, or may lead to chronic 
endometritis and subinvolution. 

When not connected with preg- 
nancy the disease seldom terminates 
fatally, but is apt to extend to the 
adnexa or become chronic. 
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Acute cervical metritis may end in 
recovery, but usually becomes chronic. 

Chronic cervical metritis may get 
well, but, as a rule, it persists for a 
long time. It can ordinarily be cured 
by local treatment or operation. 

Chronic corporeal endometritis of 
the septic variety is apt to get well if 
there is good drainage through the 
cervix. Without adequate drainage 
it becomes chronic and is liable to 
spread to the adnexa. 

In cases of long standing the septic 
condition can be removed, but the en- 
dometrium and myometrium can sel- 
dom be restored to a normal state. 

The sterility is apt to be permanent. 

Chronic glandular endometritis can 
generally be cured by treatment. 
Mild or recent cases may get well 
spontaneously, but severe cases usu- 
ally persist for a long time, or until 
the menopause. 

TREATMENT. — ^Where suppres- 
sion of the menses results in the con- 
dition that has been termed acute 
glandular metritis, the flow should be 
re-established, if possible, in the early 
or congestive stage. As soon as pos- 
sible after the suppression the pa- 
tient should take a warm sitz-bath 
(1(X)” F. — 37.8° C.) and go to bed. 
Hot drinks, hot applications to the ab- 
domen and groins, and hot-water bags 
or bottles to the feet and legs should 
be employed. In married women 
scarification of the cervix may be 
used with benefit. The production of 
slight nausea by means of tartar 
emetic, ipecac, or lobelia is useful as 
a sedative to the congested pelvic 
organs. If the menstrual flow is re- 
established by these means within a 
day or two, the patient may leave the 
bed after the flow has ceased, but 
should lie down two or three hours in 


the middle of each day, and take but 
little exercise for three or four weeks. 
At the time of the next period she 
should keep to the bed and repeat the 
hot ai)plications, etc., if the flow docs 
not appear on time. The bowels 
should be kept open by salines. 

If the menses arc not re-established 
within two or three days after their 
suppression, the patient should re- 
main in bed for a week or ten days, 
apply counterirritants over the iliac 
and suprapubic regions, and take copi- 
ous hot douches (115° to 120° F. — 
46.1° to 48.9° C.) two or three times 
daily in the recumbent i)osture. She 
should secure a daily evacuation of 
the bowels, and, if practicable, intro- 
duce small cotton tampons, saturated 
with a 10 per cent, solution of ichthyol 
in boiled glycerin, high up in the 
vagina every other day, and leave 
them for about eighteen hours. 
Tonics and an easily digested diet 
should be prescribed. 

Acute septic metritis following la- 
bor or abortion calls for a thorough 
evacuation of the uterus by the fingers 
or dull curette, and, if septic symp- 
toms persist, antiseptic intra-uterine 
douches every twelve hours (1:3000 
mercuric chloride followed by sterile 
water or 1 per cent, creolin) and vag- 
inal douches of the same character 
every six or eight hours. 

The efficiency of turpentine in puerperal 
endometritis has been emphasized by 
Gutierrez. A wick of gauze impregnated 
with it is introduced into the uterus, and 
induces such profuse exudation that any 
retained scraps are washed out. The uterus 
is, however, previously flushed with sterile 
water. 

In the acute puerperal endometritis and 
metritis attending sapremia, Le., dependent 
upon decomposition-infection of retained 
membrane, placenta, or blood clot, Bland 
counsels against the giving of douches. If 
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the cervical canal is found widely dilated, 
the necrotic mass may be removed manu- 
ally or by instrumental means under anes- 
thesia. This is to be followed by free 
uterine irrigation with hot saline solution 
and the insertion of an iodoform gauze 
tampon. If, however, the cervical canal is 
contracted, it is well to wait for subsidence 
of the acute symptoms, then dilate the 
uterine cavity and withdraw the contents 
manually or instrumentally, and finally irri- 
gate the cavity and pack with iodoform 
gauze. Curettement may do more harm 
than good in these cases. — Ed. 

When the attack follows an opera- 
tion, an ice-bag should be kept on the 
lower abdomen for twenty-four or 
thirty-six hours, the infected surfaces 
disinfected by a strong antiseptic, and 
one of the above-mentioned antiseptic 
douches used either to the endome- 
trium or vagina as required. 

As the inflammation subsides, hot 
douches, laxatives, tonics, rest in bed, 
etc., are indicated. 

In chronic uterine inflammation all 
causes of the disease and all condi- 
tions that perpetuate it should receive 
attention. 

Displacements should as far as pos- 
sible be corrected, stenosis relieved, 
and pelvic inflammatory conditions 
and tumors treated or removed. 

The patient should remain in bed 
during a portion or all of the men- 
strual period, and take more than or- 
dinary care of herself after abortions 
or confinements. 

Chronic glandular endometritis, 
alone or with chronic septic or inter- 
stitial endometritis, and all men- 
orrhagic cases uncomplicated by 
pelvic peritonitis, should be curetted. 

When the curette is employed due 
care should be exercised. Rough ma- 
nipulation and undue pressure upon 
the uterine surfaces have been fol- 
lowed by untoward results. 


Exfoliative endometritis and poly- 
poid endometritis may require more 
than one curettage. 

In a large proportion of cases the 
cervical canal is small or bent, and 
must be kept dilated for several weeks 
to promote uterine drainage. 

In others it is necessary to use 
strong astringents and antiseptics to 
the endometrium, for the purpose of 
counteracting the tendency to a re- 
currence of the hyperplasia or sepsis. 

The hot vaginal douche twice daily 
acts beneficially as a sedative to the 
pelvic circulation, and aids in keeping 
the vagina clean. 

Local treatment may be commenced 
in two or three weeks after the o])era- 
tion. If the cervix is small or bent, a 
round dilator, or male urethral sound 
No. 12 to No. IS, should be passed 
through the internal os once or twice 
a week. In order to avoid infection, 
the patient should take a large, hot 
vaginal douche shortly before treat- 
ment, and the gynecologist should 
wipe out and disinfect the vaginal for- 
nices and cervix through the specu- 
lum before introducing the disinfected 
sound. 

After the sound is withdrawn a 50 
per cent, solution of ichthyol in glyc- 
erin may be applied to the endome- 
trium, or, if the case has been a hem- 
orrhagic one, pure lysol or phenol, or 
a 20 per cent, solution of zinc chloride, 
every ten days to two weeks. 

Good results with magnesium sulphate 
have been reported by C. J. Wallace. Aii 
ounce of the remedy in crystals is poured 
into the vagina and confined there until, by 
osmosis, it causes a free discharge from the 
pelvic tissues. This, if repeated daily for 
one week, will reduce a large, spongy 
uterus to normal dimensions. 

Hot vaginal irrigations are ex- 
tremely valuable. Two or 3 gallons 
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(8 to 12 liters) of solution at 105 or 
110® F. (40.6 or 43.3° C.) should be 
used morning and evening, and deplet- 
ing tampons should be introduced 2 
or 3 times weekly. These not only 
hygroscopically relieve the engorge- 
ment, but, by maintaining the uterus 
high in the pelvis, improve the uterine 
circulation also. If the cervical canal 
is patulous and drainage is free, intra- 
uterine applications may be made. 
Ordinary tincture of iodine is prob- 
ably most valuable; arg3n‘ol, 25 per 
cent., or silver nitrate, 5 per cent., 
may be employed. If simple medical 
measures fail, dilatation and curette- 
ment may be practised, followed by 
cauterization of the interior with tinc- 
ture of iodine and the introduction of 
an iodoform gauze drain. Radical 
operation is rarely indicated, and 
should be performed only after all 
other measures fail. P. B. Bland 
(‘‘Gynecology,’^ ii, 750, 1925). 

When there is a tenderness or irri- 
tation in the tissues beside the uterus, 
curettage and intra-uterine medication 
are liable to do more harm than good. 

In such cases a copious hot vaginal 
douche (120® F.— 48.9® C.) should be 
taken at or near the noon hour, fol- 
lowed immediately by two hours of 
rest in the recumbent position and an- 
other douche at bedtime, followed by 
the introduction into the vaginal 
vault of a tampon saturated with a 10 
per cent, solution of ichthyol in glyc- 
erin. The tampon is removed when 
the noonday douche is taken. 

Laxatives, tonics, massage, regu- 
lated out-of-door exercise, and restric- 
tion of coitus are useful adjuvants. 

Endometritis with stenosis and py- 
ometra (so-called senile endometri- 
tis) should be treated on the same 
principles as any pus cavity, vis,, 
dilatation of the cervix for drainage, 
and washing out of the uterus with 
antiseptic solutions once or twice daily. 


Chronic cervical endometritis should 
be treated l)y local applications made 
through the vaginal speculum. Sim- 
ple and papillary erosions yield cpiick- 
est to astringent and stimulating 
remedies, such as phenol, creosote, 
and strong solutions of chloride or 
persulphate of iron. Follicular cer- 
vicitis yields quickest to iodine appli- 
cations. A mixture of 2 parts each 
of iodine crystals and 95 per cent, 
phenol, and 1 part of glycerin, is effi- 
cacious, and should be applied twice 
weekly. Retention cysts should be 
punctured before the application is 
made. Antiseptic and astringent 
douches, such as a 1 : 1000 solution of 
potassium permanganate or of zinc 
chloride, may be employed with bene- 
fit twice daily 

Where there is moderate cyst for- 
mation or cystic degeneration in a 
limited area, or as an alternative to 
trachelorrhaphy or trachelotomy when 
such operations are not available or 
advisable, the efficiency of local treat- 
ment is increased by the use of mul- 
tiple scarification. The scarificator 
1 employ is bayonet-pointed and cuts 
in three directions, thus leaving open- 
ings for the escape of mucus and 
penetration of a solution simultane- 
ously used, vis., 1 part each of iodine 
crystals and glycerin and 2 parts of 
phenol. From fifty to a hundred 
punctures into the diseased area or 
areas are made at short intervals — 
once to twice a week. The procedure 
is simple and can be carried out at 
the office. The vaginal fornices, cer- 
vix, and cervical cavity are first wiped 
dry with absorbent cotton and disin- 
fected with 5 per cent, phenol solu- 
tion. Five or six punctures into and 
about each retention cyst that can be 
seen or felt are then made, and also 



520 


ENDOMETRITIS (BYFORD). 


into any red spots or areas. Cotton 
is next pressed firmly a|:fainst the 
surface to express mucous plugs and 
stop oozing. Then, with an applica- 
tor tipj)ed with non-absorbent cotton, 
the solution is applied freely and with 
pressure to the scarified areas and the 
mucosa both of the vaginal portion 
and cervical cavity. Finally, a dry 
tampon is placed against the cervix, 
to be removed by the patient in a few 
hours. Sometimes the treatment is 
begun by dilating the cervix slightly 
with a large sound. The treatment 
is repeated every three or four days 
until no cysts can be seen or felt. 
Thereafter, once a week for three or 
four months, fifty to a hundred or 
more punctures are made, followed 
by iodized phenol. After all signs of 
inflammation and cyst formation have 
disappeared, the patient is discharged, 
with directions to return after three 
or four months, when a few more 
treatments for glands previously not 
in evidence may be required. 

Among the measures recommended for 
acute cndoccrvicitis are vaginal douches of 
hot diluted Lugol’s solution 3 times a day; 
applications of pure tincture of iodine on 
alternate days or 25 per cent, argyrol solu- 
tion daily to the cervical canal and vaginal 
portion of the cervix; later, a tampon of 10 
per cent, ichthyol in glycerin, and appli- 
cations of 10 per cent, silver nitrate solu- 
tion in the cervical canal every 2 or 3 days. 

In chronic cndoccrvicitis, applications of 
10 per cent, silver nitrate solution as far as 
the internal os, preceded by swabbing of 
the cervical canal and lips with cotton 
saturated with sodium bicarbonate solution, 
are advocated by Bland. The silver solu- 
tion is allowed to remain for 5 minutes, 
and the procedure repeated on alternate 
days. Radium has proven effective in 
these cases, but must be used only with 
great caution in women of child-bearing 
age. 

While surgical treatment for chronic en- 
docervicitis has generally been considered 


indicated only where medical measures 
fail or there is cervical laceration definitely 
calling for operation, Sturmdorf, im- 
pressed with the importance of the cervix 
as a focus of infection and the difficulty of 
curing infection in the deeply situated 
racemose glands of this structure, has par- 
ticularly stressed the value of operation, 
and devised a special procedure for these 
cases. 

In Sturmdorf 's operation, the diseased 
endocervix is completely removed, but 
very little of the cervical muscle, so that 
less scar tissue follows than after the earlier 
classical operations on the cervix. By a cir- 
cular incision an ample cuff of mucosa is 
first formed from the vaginal covering of 
the cervix. The endocervix is next ex- 
cised from the surrounding muscle-bed as 
a cone-shaped mass with its ai^ex at the 
internal os and its base formed by the 
everted external os. Suitable sutures arc 
then inserted to draw the cuff of mucosa 
into and make it reline the resulting cone- 
shaped cavity: Long strands of No. 1 
chromic catgut are passed through the free 
borders of the anterior and posterior 
mucOvSal flaps in the form of mattress-like 
sutures. 7'hesc sutures are then carried 
into the cervical canal just above the in- 
ternal os and passed through the cervical 
wall so as to emerge on the vaginal sur- 
face at the bases of the corresponding 
flaps. When these sutures are tightened 
and tied, the cavity becomes lined with the 
cuff of mucosa. If the edges of the flaps 
are not thus accurately brought together, 
some superficial sutures ma}'' be added. — Ed. 

In gonorrheal cervicitis and endome- 
tritis the following treatment is indi- 
cated. Acute cases: 1. Confinement 
lo bed. 2. Keep emunctories active. 3. 
Limit diet. 4. Cleanse vagina fre- 
quently with large amounts of hot sa- 
line solution or hot water containing 
boric acid or a weak iodine solution. 
Use irrigator with nozzle projecting a 
straight forcible stream, and pinch mu- 
cous membrane of introitus around 
nozzle, to flush cavity satisfactorily. 
Intra-uterine measures and pelvic opera- 
tive intervention contraindicated. Sub- 
acute cases: 1. Soften and dilate cervix 
with Goclet*s uterine electrodes and 
galvanic current. 2. Flush uterine 
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cavity with hot iodine solution, 1 dram 
(4 c.c.) of the tincture to a quart of 
water, or silver nitrate, 1 : 5000. 3. As 
condition improves, substitute daily in- 
tra-uterine injections of iodized phenol 
(equal parts of iodine tincture and 
phenol) or 1 per cent, silver nitrate. 
Use S 5 ^rin^e with lon^ pliable nozzle, 
with its tip wrapped with cotton; in- 
ject fluid into cotton and withdraw 
syringe. Insert iodine-glycerin tam- 
pon (1 dram to 4 ounces), which pa- 
tient is to remove next morning. 
Remove cotton within uterus at next 
visit. Dannreuther (Med. Record, 
Nov. 4, 1921). 

About 10 weeks after delivery there 
is often found a slight or moderate 
cervical laceration with mild endo- 
cervicitis. If unrelieved, this leads to 
inflammatory changes, cystic degen- 
eration, a vicious circle of symptoms, 
and finally <an operation with only 
partially satisfactory results. In these 
patients the writer uses a small elec- 
trocautery, with which, in the average 
case, he burns down the excessive 
granulations resulting from the ever- 
sion, healing then taking place. If 
there is more than average trauma, 3 
or 4 linear incisions are made on both 
the everted lips. Application of 4 per 
cent, cocaine solution and insertion of 
a small tampon of the same solution 
into the cervical canal for a few 
minutes yield suflicient anesthesia for 
this procedure. If the vaginal sur- 
face of the cervix can be avoided, no 
anesthesia is needed. After a second 
treatment in 2 weeks, and the lapse of 
6 weeks more, the condition is usually 
normal except for the lacerations, 
which are not pathologic in them- 
selves. 

Subinvolution is always markedly bene- 
fited by this treatment. In cases requir- 
ing a more extensive destruction of 
glandular elements, the patient is 
anesthetized at the hospital and a 
larger cautery used. This method has 
markedly reduced the number of 
plastic operations performed. Hilliard 
E. Miller (Amer. Jour, ^f Obst. and 
Gyn., Jan., 1925). 


In the chronic form in the itf^per, 
cervix or near the os, the treatment 
calls, first of all, for dilatation. Stim- 
ulating aj)plicati()us before dilatation 
are not always well borne and some- 
times aggravate the condition. 
Gradual progressive dilatation is 
preferred to extreme divulsion at 
one sittings 'The re])eated mild stim- 
ulation of progressive dilatation with 
graded round dilators not only causes 
a steady improvement, ])ut often cures 
the sterility, due mainly to exudate. 

Before the dilatation the vaginal 
vault and cervix are swalibed thor- 
oughly with a 5 per cent, solution of 
phenol followed by a 20 ])er cent, 
solution of phenol in glycerin to 
the entire uterine cavity. When a 
round dilator equal in size to a No. 
25 urethral dilator (I'rench scale) can 
be passed without causing a show of 
blood or producing much pain, a 
stimulating solution of iodized phe- 
nol is a])i>lied to the entire cervical 
cavity and dilatation .is done twice a 
month for a few times and then once 
a month until the i)arls are in fairly 
normal condition. When the lumen 
is large the same treatment is used 
except that it is begun and ended 
with large dilators. 

Henry T. Byford, 

Chicago. 

ENIJRESIS--~D E F I N I T I O N 

An involuntary discharge of urine or 
incontinence of urine which may be 
due to many different conditions. 

SYMPTOMS. — If wc may speak 
of the symptomatology of this aflec- 
tion, which in itself, in the majority 
of instances, is to be regarded as a 
symptom rather than as the actual 
disease, the ground is amply cov- 
ered by the single statement which 
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is usually detailed by the parent or 
the patient, that there is an involun- 
tary passage of urine. 

It is not very difficult to discover 
the presence of enuresis, but the de- 
termination of the cause or the causes 
for its existence is by no means so 
easy and is sometimes rendered im- 
possible. Enuresis is not liable to be 
mistaken for any other affection, with 
the single exception of the incon- 
tinence, or overflow, symptomatic of 
retention of urine due to prostatic 
enlargement or some other obstruc- 
tion to the genitourinary tract, from 
the bladder outward. 

ETIOLOGY. — Incomplete develop- 
ment of the sphincter muscles, exist- 
ing in the infantile period, may per- 
sist for an abnormal time (beyond the 
second year) ; when this occurs, it is 
followed by the involuntary emission 
of urine. This may be due to insuf- 
ficiency of the sphincter vesicle mus- 
cle, which allows the urine to enter 
into the upper part of the urethra; it 
is expelled by a reflex action of the 
detrusor urime muscle. 

Enuresis may also be caused by 
debility of the neck of the bladder 
and of the internal sphincter, or 
through its inadequate control from 
disease of the spinal cord and of the 
nerve-centers ; and also through over- 
distention of the bladder. 

Case of enuresis in an elderly man 
in whom posterior urethroscopy re- 
vealed a large and anesthetic colliculus 
seminal is, possibly a forerunner of 
tabes. The condition of the verumon- 
tanum returned to approximately nor- 
mal after potassium iodide treatment. 

I. Deutsch (Zeit. f. Urol., 20, 1, 1926). 

In a number of cases enuresis may 
be a local manifestation of a general 
lack of tone of the entire muscular 
system. Many cases suffer from 


marked nutritive disturbances at- 
tributed to reflex causes alone. Even 
where there are no gross evidences 
of malnutrition, the metabolic activ- 
ity in the sensitive nerve-cell is prob- 
ably disturbed. 

In cases of hypothyroidia the im- 
paired oxidation due to inadequate 
activity of the thyroid entails reduced 
muscular power, including that of the 
sphincter muscles, as emphasized by 
Hertoghe, Sajous and others. 

Enuresis is a local spasm due to 
hypervagotonia of the pelvic plexus. 
The writer has observed cases in 
which the incontinence disappeared 
when asthma, eczema or an infectious 
disease appeared, or vice versa. Five 
drops of a solution of 0.01 Gm. (% 
grain of atropine sulphate in 10 Gm. 

drams) of water, before retiring, 
is advised for children between 4 and 
10. The dose should be increased 
every 2 days, up to 10 or 20 drops. 
The remarkable efficacy of this treat- 
ment the author deems convincing proof 
of the excessivre irritability of the 
vagus innervation of the bladder. Sub- 
cutaneous injections of adrenalin and 
pituitary extracts gave good results in 
2 adolescents with enuresis. Organo- 
therapy, especially thyroid extract, 
may be efficient. In cases of enuresis 
with changes in the urinary acidity, 
phosphates and sodium bicarbonate are 
successfully used. Epidural injection 
of iodized oil is a helpful adjuvant in 
the treatment. Sicard (Annales de 
Med., May, 1925). 

Diseases of the nervous system, 
both functional and organic, are 
recognized as factors in producing 
this disease. According to Rachford, 
incontinence of urine in children is a 
true neurosis and not, as a rule, due 
to muscular incompetency of the 
sphincter vesicse. It rests upon ex- 
citability of the nerve-centers pro- 
duced by heredity and age; anemia 
with consequent malnutrition, in- 
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creasing the excitability of the nerve- 
centers, and reflex irritation. Anes- 
thesia of the bladder has been noted 
in a large proportion of cases by 
Ozerezkowski. 

Heredity is a potent predisposing 
factor in many cases. Monro re- 
ported, as an example, a family in 
which the 6 children inherited the 
disorder from their father. The 2 
elder children, girls, are always more 
affected toward the menstrual ])eriod. 
The incontinence affected most all of 
the children alike by day and night. 
Two of the children were subject to 
fits, which began during early child- 
hood, and they also showed other 
signs of degeneracy. Enuresis is fre- 
quently associated with epilepsy and 
with affections of the spinal cord, 
especially spina bifida occulta. 

Enuresis, both in children and 
adults, not necessarily merely noc- 
turnal, may occasionally be a sign of 
spina bifida occulta, and may exist 
without other signs. Examination of 
the sacrum and lower lumbar verte- 
brae by X-rays is diagnostic. Spiller 
(Amcr. Jour. Med. Sci., Apr., 1916). 

The cause of frequent urination in 
girls and women in 1000 cases was 
traced to concomitant comidications 
of the sexual and child-bearing func- 
tions; ill the earlier age periods acute 
infections were the main factors when 
these affected the urethra or trigone. 
Post-operative catheterization was a 
relatively common cause of frequent 
micturition. H. G. Bugbee (Jour. 
Amcr. Med. Assoc., Mar. 3, 1917). 

As to the local conditions which 
produce incontinence, there may be 
mentioned overdistention of the blad- 
der with urine; hyperacidity of the 
urine ; cystitis ; phimosis, or an ad- 
herent prepuce, either of the glans 
penis or of the clitoris; nephritis; 
pyelitis; vesical and renal calculus; 
glycosuria, and rectal irritation. 


The writer observed 2 cases of noc- 
turnal incontinence occurring as an 
early aymptom of renal tuberculosis. 
In 2 other cases incontinence appeared 
after nephrectomy. Constantiesco (Jour, 
d’urologie. May, 1912). 

Contraction of the bladder may 
cause incontinence. Robson reported 
the case of a single woman, aged 30, 
in whom bimanual examination re- 
vealed that there was practically no 
bladder, it being merely represented 
by a small, hard lump about the size 
of a walnut. 

Masturbatitm has been regarded as 
a prolific cause of enuresis; but the 
frequency of this habit in children 
would tend to suggest that the two 
disorders may occur coincidentally 
rather than that there exists a causal 
relationship between them. In girls 
friction of the clitoris is a local irrita- 
tion which, 'acting reflexly as docs 
phimosis on this organ, might cause 
enuresis. 

A study of about 200 cases in chil- 
dren between 4 and 12 years of age 
indicated that enuresis is never a dis- 
ease entity, but a symptom of an under- 
lying general neuromuscular fatigue. 
The fatigue is chronic and the patients 
are all of the overactive, nervous type. 
There is often an element of marked 
mental strain from too prolonged 
school work. The treatment is ex- 
clusively dietetic and hygienic. J. I. 
Grover (Jour. Amer. Med. Assoc., 
Aug. 24, 1918). 

Children are liable to fissure of the 
anus with far greater frequency than 
is generally believed, and this may 
excite involuntary urination. Consti- 
pation and the presence of worms 
(mostly ascarides) are among the 
more common causes of this disease. 

With regard to causation, enuresis 
may be roughly divided into 5 groups: 
(1) Genitourinary, (2) nervous, (3) 
malformations, (4) general, and (5) 
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idiopathic. As regards the first the 
urine may be at fault; there may be 
hyperacidity or excessive alkalinity, 
or there may be bacteriuria. Inflam- 
mation of various parts of the genito- 
urinary tract, calculi, new growths, 
etc., may be responsible for the dis- 
order. The nervous causes are very 
numerous and many are reflex in 
character, such as balanitis, vulvo- 
vaginitis, worms, etc. Malformations 
of the spinal cord or of the genito- 
urinary organs may be accompanied 
by it. As general causes may be 
mentioned rheumatism, thyroid in- 
sufficiency, diabetes, etc. Still found 
enuresis associated with rheumatism 
in about 5 per cent, of his cases. J. 
Allan (Prescriber, Aug., 1912). 

A strict differentiation between 
polyuria and incontinence of urine 
and pollakiuria, or excessive fre- 
quency of micturition, is very impor- 
tant. Observations on 1500 cases 
showed that in a great percentage of 
cases pollakiuria is a neurosis, brought 
about by malfunction of a distant 
organ, especially eyestrain. A sys- 
tematic inquiry as to frequency of 
micturition in refraction cases under 
the author’s observation showed that of 
1500 cases, 316 (140 men and 176 
women) suffered from pollakiuria. 
In this series the percentage of re- 
coveries in women was twice as large 
as in men. W. W. Kahn (Jour. Amer. 
Med. Assoc., Dec. 7, 1918). 

Enuresis may follow labor, owing 
mainly to the traumatism, pressure, 
etc., to which the bladder, the glands, 
and the urethra are subjected during 
the process. 

PROGNOSIS. — When the cause 
can be discovered and removed, the 
prognosis is favorable ; in elderly 
people, however, the affection is gen- 
erally due to paralysis or deep-seated 
disease of the urinary organs. The 
outlook is usually favorable in cases 
of enuresis nocturna. Sometimes, 
however, it proves to be a very obsti- 
nate malady. 


TREATMENT.— The cause of the 
disorder should be discovered and its 
removal effected. 

Atonic conditions, in children as 
well as in adults, often lie at the foun- 
dation of the lack of control over the 
passage of urine, and, in these cases, 
outdoor exercise should be advised 
and a carefully selected diet pre- 
scribed for its nutritiousness and 
digestibility. A vegetable diet has 
been advocated. 

A vegetable diet is the ideal one 
for children with enuresis nocturna. 
Restriction of fluid intake, including 
milk after 4 p.m., raising the foot of 
the bed, making the child sleep on its 
side, and systematic waking up of the 
child to have it urinate regularly, are 
helpful. Most children addicted to 
enuresis are exceptionally hard sleep- 
ers and are not aroused by the desire 
to urinate. This can be remedied by 
having the child take a nap for two 
hours, morning and afternoon. Klotz 
(Deut. med. Woch., Dec. 5, 1912). 

Whether diurnal or nocturnal, or 
both, the writer has obtained the best 
results by anticipating the involuntary 
act by a voluntary emptying of the 
bladder. When carried out system- 
atically, this can preclude the use of 
drugs. Newlin (Arch, of Pediat., Oct., 
1914). 

The X-ray to determine possible 
presence of spina bifida, urinalysis to 
ascertain acidity of urine, and personal 
and family antecedents, are important in 
diagnosis. A stricture may act as 
cause. Belladonna or atropine, epi- 
dural injections of normal saline solu- 
tion with cocaine or lipiodol, and elec- 
tricity, are potent remedial resources. 
Bazy (Medical Press, May 5, 1926). 

Of material aid are ferruginous 
preparations where any degree of an- 
emia exists. The syrup of the iodide 
of iron is readily taken by children. 
For adults, the peptomangan (Gude) 
is a serviceable tonic. The dose of the 
first is from 3 drops upward, well 
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Phimosis as a cause 


of enuresis io the female. iMoGirk,) 
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diluted with water ; and of the second 
a dessertspoonful to a tablespoonful, 
in milk or wine. Jacobi spoke highly 
of the elixir pepsini, bismuthi et 
Gtrychninae of the National Formulary 
in insufficient gastric digestion asso- 
ciated with atony of the stomach a 
child of 3 years taking a teaspoonful 
three times a day. 

The writer advocates outdoor life, 
avoiding excitement and fatigue. Diet 
chiefly of vegetables; no heavy meals; 
no fluid at the evening meal. Tepid 
shower baths morning and evening 
with a dry rub; in refractory cases, 
cold wet packs. Atropine sulphate in 
0.1 per cent, solution, 5 drops at bed- 
time, increased by 1 drop each night 
up to 10 or 12 drops; if there is also 
diunwl incontinence, 1 drop 3 times a 
day is added. If this fails, Zuber’s 
solution of phosphoric acid (50 per 
cent.), 17 Gm., and sodium phosphate, 
34 Gm., in water, 250 c.c.; 1 or 2 tea- 
spoonfuls 3 times daily with the meals. 
Coniby (Bull. Soc. med. des hop. de 
Paris,’ Mar. 13, 1924). 

The writer reports 2 cases success- 
fully treated with madder. It is given 
in a decoction, 3 tablespoon fuls to 3 
cupfuls at a dose, or as madder flour 
in jam or an electuary. As much as 
10 Gm, (2J/2 drams) causes no un- 
toward cflfccts. In children 6 Gni. 
(\yj drams) may be incorporated with 
150 Gm. (5 ounces) of wheat flour to 
make 12 zwiebacks. A. Bauer (Zeit. f. 

‘ Urol., xviii, 452, 1924). 

Incontinence clue to a weakness of 
the sphincter muscle is best relieved 
by ascending doses of strychnine or 
the tincture of nux vomica. In appro- 
priate cases, strychnine is a very effi- 
cient agent. 

Douching of the perineum with 
cold water has been advised by some 
writers as a very useful measure. It is 
not a disagreeable procedure if care 
is taken to concentrate the douche on 
the genitoanal region. 


In both diurnal and nocturnal enu- 
resis in children the sudden cold 
douche to the anal and perineal region 
is very eflective. It may be done on 
a special chair with open seat. Klotz 
(Berl. klin. Woch., May 1, 1911). 

The faradic current, one electrode 
being placed in the rectum and the 
other over the perineum in the male 
and the mons veneris in the opposite 
sex, has been advocated. The cur- 
rent is to be gradually increased. Or, 
as advised by Cipriati, a sound, the end 
of which forms an electrode, is in- 
troduced into the urethra as far as 
the sphincter of the bladder, and its 
free end is attached by a chain to one 
of the Leyden jars; the machine is 
regulated to give 6 to 8 sparks a 
second, and each sitting lasts five 
minutes. 

If incontinence is due to hyperes- 
thesia of the mucous membrane or 
irritability of the bladder, the remedy 
indicated is belladonna. Baruch, 
Watson, and other observers bear 
testimony to the efficiency of this 
drug in the treatment of the nocturnal 
form of incontinence. Both bella- 
donna and atropine are tolerated in 
much larger doses by children, in 
proportion to their size or age, than 
by adults. In many cases a single 
evening dose of the extract of bella- 
donna (gr. to to 1 — 0.016 to 
0.048 to 0.065 Gm. ) or of the sulphate 
of atropine (gr. ^oo to V 75 — 0.0(X)6 to 
0.0008 Gm.) answers sometimes to an 
unexpected degree, according to 
Jacobi. In most cases, however, bella- 
donna or its alkaloid must be pushed 
to the extreme limit before an impres- 
sion is made upon the disease. 

Two varieties of the complaint have 
to be recognized: (a) the atonic variety, 
and (b) that characterized by vesical 
irritability. In the latter antispas- 
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modics are especially useful, and 
among these belladonna comes first. 
The general consensus is that this 
drug must be given in large doses 
and pushed until signs of intolerance, 
such as dryness of the mouth, mydriasis, 
disturbances of vision, etc., are just in 
evidence. For a child over 5 years of 
age 10 minims (0.6 c.c.) of tincture of 
belladonna may be given thrice daily; 
this dose is increased by minims 
(0.15 c.c.) every few days until the 
full physiological effects of the drug 
are apparent. J. Allan (Prescriber, 
Aug., 1912). 

In cases in which the urine is nor- 
mal the treatment consists in improv- 
ing the general condition of the child. 
Then belladonna should be given, be- 
ginning with 10 minims (0.6 c.c.) of 
the tincture two or three times a day, 
gradually increasing the doses up to 
20 to 25 minims. The writer has never 
given larger doses, but he has used 
sometimes rather large doses of atro- 
pine. Even with the smaller doses of 
belladonna the child may complain of 
difficulty in seeing, dry mouth, etc., 
and when such is the ca.se one must 
proceed carefully before increasing 
the dose. 

When the urine is extremely acid, 
loaded with urates, etc., one must 
first reduce the acidity of the urine. 
This is most easily accomplished by 
the use of potassium citrate in doses 
of 10 grains (0.6 Gm.) thrice daily — 
though larger doses may be required. 
When the acidity has been reduced, 
the belladonna should be begun. If 
the child’s general health is not very 
good, 2 or 3 minims (0.12 to 0.18 c.c.) 
of liquor strychninae added to the i)re- 
scription is often beneficial. It is in- 
advisable to give meat when the child 
is suffering from this “acid” condition. 
When the urine is alkaline, contains 
pus, albumin, etc., dieting is of the 
first importance, all carbohydrate 
food as far as possible being pro- 
hibited. If the urine is very alkaline, 
acid sodium phosphate may be given; 
when the alkalinity of the urine has 
been reduced belladomia should be 
used in the manner stated above. 


When bacilli occur in the urine a 
pure culture of B. coli is frequently 
obtained. If the urine is very acid it 
is wise to reduce the acidity by giv- 
ing potassium citrate; then urotropin 
in 5- to 10- grain (0.3 to 0.6 Gm.) 
doses thrice daily often proves of 
immediate benefit. If there is mixed 
infection salol is often more effica- 
cious. Mixed infection cases are 
often very troublesmiie, however, and 
a vaccine may sometimes be used with 
great advantage. Simpson (Edinburgh 
Med. Jour., Jan.. 1913). 

The urine is acid in only about 20 
per cent, of incontinent children.* In 
the remainder good results may be 
obtained from acidification with phos- 
phoric acid (50 per cent.), 17 (im. (4Y,i 
drams ) ; sodium phosphate, 34 Gm. ( 8% 
drams), and distilled w*atcr, 250 Gm. 
(8 ounces). One to 4 teaspoonfuls are 
taken before each of 2 meals daily and 
the treatment kept up for several 
weeks. Zuber ( Bull. Soc. de ped. de 
Paris, July 22, 1922). 

Hal)it, at times the cause of enure- 
sis in children, may often be corrected 
by encouraging the cautious practice 
of holding the water. 

The method of conscious repeti- 
tion of Brissaud was found useful by 
the writer. He had the patient 
urinate at regular stated times, but 
every time he docs so he is directed 
to void a little, say 2 drams, and then 
stop; then void 2 drams more and 
stop, and so on, until the bladder is 
emptied. In this way the individual 
exercises the mechanism which con- 
trols urination; he trains and edu- 
cates himself in the voluntary execu- 
tion of the act. After this has been 
done two or three times under the 
direction of the physician the patient 
can carry out the exercise, which 
should be persisted in. Herman 
'(Archives of Pediatrics, Aug., 1910). 

The faradic current is recommended. 
One electrode, a metallic sound or 
catheter, is passed into the urethra, 
and the other, a pad, is placed over the 
lumbar spinal cord. Hollowes (Pract., 
Nov., 1922). 
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Masturbation, phimosis, adherent 
prepuce, rectal affections, etc., must 
receive appropriate treatment, after 
which the incontinence of urine, if it 
persists, will demand attention. In 
some cases, the bladder is abnormally 
small and recjuires mechanical dilata- 
tion. Haven reported 2 cases in girls 
cured by gradual distention of the 
bladder with a 4 per cent, boric acid 
solution. Both were 18 years old, and 
from earliest infancy had wet the bed 
nightly, and found it impossible to 
retain the urine for more than a few 
minutes while awake. The bladder 
of both was abnormally small; that 
of the one held 8 ounces under pres- 
sure, that of the other only 33^1 
ounces. The treatment consisted in 
distending the viscus until discomfort 
was produced, after which the patient 
held the fluid as long as possible : ten 
to fifteen minutes in the beginning, 
though this time was doubled later. 
Distention was practised every other 
day, and improvement was rapid. 
Treatment was continued until the 
bladder would hold 20 ounces, and 
then, all symptoms having been re- 
lieved, it was discontinued. 

Sir Henry Thompson strongly ad- 
vocates the application of nitrate of 
silver to the urethra, whether in the 
male or the female. He states that 
the use of a flexible bougie, small, of 
course, for children, passed daily, and 
removed in a minute or so, is some- 
times successful. 

If this fails, the injection by means 
of a sufficiently long tube of the 
nitrate-of-silver solution to the pros- 
tatic portion of the urethra and neck 
of the bladder is a remedy of no mean 
value. For young women up to the 
age of 18 or 20 in whom this malady 
still exists, Thompson has found this 


treatment almost invariably success- 
ful. It should be applied immediately 
after the bladder is emptied, in quan- 
tity, say, of a dram (4 Gm.), and of a 
minimum strength of 10 grains (0.6 
Gm.) to the ounce (30 c.c.), up to 
treble that strength if necessary, 
for subsequent application. Enough 
should be employed to produce smart- 
ing, which should continue for a day 
or so. A week or two should elapse 
between each ap])lication. 

Some authors advise blistering the 
perineum, others the use of the actual 
cautery, touching the same at several 
points around the anus. 

According to While and E. Martin, 
when a hal)it of nocturnal inconti- 
nence is due originally to carelessness 
— the child, though awakened by the 
desire to urinate, preferring to wet 
the bed rather than get up — the case 
may be cured by having the patient 
waked at about 1 or 2 in the morning, 
or at an hour before the habitual time 
of involuntary micturition, and made 
to empty the ])laddcr. 

While atropine has a certain adju- 
vant value, it should be given rather 
liberally, for small doses are useless. 
When the habit, as often happens, is 
associated with a general run-down 
condition tonics arc indicated. Re- 
moval of adenoid vegetations or greatly 
hypertrophied tonsils, if present, is in- 
dicated, but a conspicuous effect on 
the enuresis need not be expected, save 
that the operative shock or the anes- 
thesia may check it, as it may any 
habit spasm. It is wise to continue 
the training for a considerable time, 
at least two months, after the incon- 
tinence has ceased. Wachenheim (N. 
Y. Med. Jour., Feb. 5, 1910). 

In cases in which the cause cannot 
be discovered the writer recommends, 
in girls, catheterizing the bladder 
aseptically, and then instilling through 
the catheter 1 ounce (30 c.c.) of 3 per 
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cent, argyrol solution, letting some re- 
main in the bladder for to 1 hour, 
after which it is voided. This is done 
every day or every other day. The 
strength of argyrol is gradually in- 
creased until 10 per cent, is borne 
without irritation, which should be 
avoided. In boys, the argyrol is in- 
jected through the urethra with a bulb 
syringe, washing out the urethra with 
sterile water after the argyrol is driven 
into the bladder. W. R. Barrow (Jour. 
Amer. Med. Assoc., May 22, 1920). 

Anion^ other remedies employed in 
this affection are antipyrine, rhus 
toxicodendron, potassium bromide, 
monobromated camphor, and ergot. 

With ergot I have had personal and 
very favorable ex])erience. 

The fluid extract of rhus aromatica 
has been recommended by Car])enter, 
Freyberger, and others. Freyberger’s 
method consists in regulating the diet, 
advising the patient to sleep on a hard 
mattress, the use of light coverings, 
and cold sponging along the spine. 
The parents are directed to take their 
children up once or twice during the 
night, and to make them pass water. 

The dose of rhus employed was: — 

Five to 10 minims (0.3 to 0.6 c.c.) 
for children 2 to 5 years old. 

Ten to 15 minims (0.6 to 0.9 c.c.) 
for children 5 to 10 years old. 

Fifteen to 20 minims (0,9 to 1.2 c.c.) 
for older children. 

A very convenient formula is: — 

B Ext. rhus aromatici liq. , n^x (1,2 c.c.). 

Syruf>. aromatici T]|.xx (1.2 c.c.). 

Aq. dcstillatcc ad 3j (4.0 c.c.). 

Sig.: Three times a day. 

Thirty-three days on an average 
were sufficient to produce a perma- 
nent cure; fifty-three days to effect 
a permanent improvement in about 
one-third of the cases treated. 

Where abnormally frequent urina- 
tions are due to disturbances in the 

4-34 


bladder innervation, Fernand Cathe- 
lin, of Paris, devised the oi)eration of 
epidural injections of saline solution 
and obtained good results. 

Eight cases treated by the writers 
by Cathclin’s method at the Man- 
hattan Hospital West for the insane. 
All 'were adult wtunen and had his- 
tories of whetting the bed and clothing 
frequently for some lime previously. 
The injections are made into the sacral 
canal between the periosteum of the 
vertebrae and the dura mater. The 
canal is reached through its opening 
in the sacrum. The patient is placed 
in the Sims position, the area sterilized, 
and the small osseous tubercles just 
below and to either side of the last 
pahuiblc sacral sinnous process are 
made (uit. The needle of an aspiration 
syringe is then thrust through the skin, 
draw’ll tightly between these two 
tubercles, the needle being held at an 
angle of 40 degrees to the sacral 
curve until it passes through the 
membrane covering the oiiening of 
the canal, wdien it is lowered to 20 
degrees and pushed on into the canal. 
Five cubic centimeters (80 minims) of 
sterile salt solution were usually in- 
jected at first and later 10 or even 15. 
These injections were made at inter- 
vals of about one w’cek and favorable 
results followed immediately in all 
8 jiatients in whom the injections 
were made. These cases have not 
been followed very long, but most 
promising results have thus far been 
obtained. The injections seem to be 
in nowise dangerous to the patient, 
and are no more painful than any 
hypodermic injection. 1'hc immediate 
effects are rarely even disagreeable. 
Valentine and Townsend (Med. Record, 
Sept. 26, 1903). 

The writer obtained several favor- 
able results by means of rectorectal 
injections of normal saline solution 
in amounts up to about 6 ounces (180 
c.c.). The needle is inserted just an- 
terior to the coccyx, a finger having 
been placed in the rectum in order to 
protect this vlscus. To obtain the 
best results of the treatment several 
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injections may be necessary. It is 
indicated in those forms of incon- 
tinence of which the causation is not 
obvious. Jaboulay (Tribune med., 
vol. xli, p. 202, 1908). 

Cathelin’s method of injection of 
salt solution applied in 22 cases of in- 
voluntary micturition at night in chil- 
dren, and good results obtained in 
about half the cases. The writer is 
convinced, however, that the effect 
was due to suggestion and that prob- 
ably equally good results can be ob- 
tained by the usual measures sup- 
plemented by suggestion without the 
necessity for the epidural treatment. 
Allaria (Gaz. degli Ospcdali, April 
27, 1909). 

Subcutaneous injections of saline 
solution made in the anterior perineum, 
60 to 70 Gm. (2 to 2% ounces) being 
used at each sitting — enough to cause 
a swelling the size of an egg. The 
pain is very slight and the results are 
excellent, since adults who from in- 
fancy have been given to wetting the 
bed, awake with the desire to urinate, 
and do so without trouble, and into 
an appropriate vessel. Cahicr (Arch, 
de med. et de pharm. militaires, June, 
1909). 

A method introduced in 1901 con- 
sists of epidural injections of solu- 
tions of cocaine or novocaine. The 
Sims position is preferred for the in- 
jections, although the Trendelenburg 
or the knee-chest position may be 
used, and the site of injection is in 
the sacral region. Of 19 cases treated 
in this way by the writer all were 
completely cured. The injections are 
best made with 10 c.c. (2^4 drams) of 
a 2 per cent, solution of novocaine 
given every 8 days. If the desired re- 
sult is not obtained by 4 or 5 injec- 
tions it is useless to persist. E. Pel- 
lechia (Riforma Medica, Jan. 23, 1915). 

In a boy of IS there was complete 
inability to control the evacuation of 
the bladder except by frequent mic- 
turition. No treatment having proved 
effectual, a perineal injection of 30 c.c. 
(1 ounce) of physiological salt solu- 
tion, repeated the following week on 
the other side, cured the enuresis at 1 


stroke. The patient has been nor- 
mally continent since the first injec- 
tion. Marion’s technic was followed; 
the injections were quite painful. The 
writers have reported a case of complete 
recovery after a single perineal injec- 
tion of 20 c.c. (5 drams) of the solu- 
tion in a man of 25 with nocturnal 
enuresis from childhood. In Ortiz’s 2 
cases, no effect was apparent. Serantes 
and Montes (Revista de la Soc. Arg. 
de Urol., Oct., 1925). 

Organotherapy has given excellent 
results in well-selected cases, i.e,, 
those in which there is evidence 
of lymphatic temperament, hypothy- 
roidia or deficient metabolic activity 
or oxidation as represented by weak- 
ness, pallor, puffiness, obesity or 
mental dullness — all of which symp- 
toms or conditions may occur simul- 
taneously. Sajous recommends thyr- 
oid gland, to grain (0.016 to 
0.032 Gm.) f. d., having noted that 
many of these cases are subjects suf- 
fering from hypothyroidia. Pituitary 
and adrenal preparations have also 
been used with good results. 

Of 134 cases of urinary incontinence 
treated with the substance of the 
suprarenal gland, 66 were cured, 21 
were improved, 14 were better during 
the duration of the treatment, 21 
were not changed; in 12 cases the 
statements were not sufficiently accu- 
rate for classification. The best re- 
sults were obtained in those cases 
which came under treatment early, 
while a considerable share of the 
failures were due to deficiencies in 
the treatment, especially too short a 
duration. 

The treatment should be inter- 
rupted for several days at a time, in 
order to guard against habituation, 
and the dosage of the remedy must 
not be too small. The only ill effects 
obtained by giving these prepara- 
tions on an empty stomach were 
slight abdominal pain and a tendency 
to vomit. These symptoms promptly 
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subsided when the dose was dimin- 
ished. Zanoni (Med. Standard, Nov., 
1908). 

Nocturnal incontinence of urine in 
young children and adolescents is 
due to thyroid insufficiency. Several 
cases in which the use of thyroid 
gland was followed by improvement 
or cure. Children who suffer from 
incontinence are almost always under- 
sized, and they present the infantile 
habitus in varying degrees — improp- 
erly placed teeth, nasopharyngeal 
adenoids, flat chests, and emaciated 
and slender extremities. Such pa- 
tients are often flat-footed and their 
feet have an offensive odor, their gait 
is stiff, they suffer from pains in the 
thighs and from sciatica produced by 
the cold and moist surroundings in 
which they lie at night. The sys- 
tematic examination of the urine in 
these cases shows an abundant de- 
position of the cells covering the free 
surface of the mucous membrane of 
the bladder. In children beyond 2 
years of age the writer gives three 
5-grain tablets of thyroid extract each 
week with from 3 to 5 grains (0.2 to 
0.3 Gm.) of potassium iodide and bro- 
mide daily. Hertoghe (Bull, de I’Acad. 
royale dc nied. de Belgique, xxi, No. 
4, 1907). 

Series of 25 cases in which relief 
was afforded by means of small 
doses of thyroid gland. The sugges- 
tion was obtained from the ca.se of a 
boy with nocturnal enuresis who in- 
stead of improving on removal of his 
adenoids and tonsils became wonse. 
The therapeutic effect of thyroid ex- 
tract “was most drastic.” The enu- 
resis ceased immediately and never 
recurred. It is important that the 
dose of thyroid gland be small — 
from y 2 grain to 2^ grains (0.03 to 
0.16 Gm.) thrice daily — as larger 
doses may defeat the purpose of the 
treatment, as was illustrated in one 
case in which enuresis previously 
absent developed in a boy to whom 
23^ grains (0.16 Gm.) of thyroid ex- 
tract were administered thrice daily 
for the correction of general debility 
following an attack of nephritis. The 


initial dose should be small, and it 
should be increased only if necessary, 
but no more should be administered 
than the minimum sufficient to effect 
the desired result. Leonard Williams 
(Lancet, May 1, 1900). 

Ten patients received the following 
treatment: One-fourth grain (0.016 
Gm.) th5n:oid gland was given three 
times a day, increased to grain 
(0.03 Gm.) three times a day. Fluids 
were not allowed after 4 p.m., and 
the foot of the bed was decidedly 
elevated at night. Of these 10 pa- 
tients, 8 improved; 2 did not im- 
prove. Of the 8 who improved, in 4 
cases circumcision had been previously 
performed without result. P'lcischncr 
(Calif. State Jour, of Med., Feb., 1911). 

Enuresis is sometimes associated 
with a special form of infantilism or 
hypoplasia due to thyroid insuffi- 
ciency. Thyroid gland in small doses 
— to 2 grains (0.03 to 0.12 Gm.) — 
will usually relieve the enuresis. The 
dose should be decreased or omitted 
if rapid pulse, fever, or other toxic 
symptoms arise. In cases not responding 
well, alternate thyroid with calomel, 
Mo grain (0.006 Gm.) t, i. d. Relief is 
usually obtained in a month or two, 
but some cases require further medi- 
cation to improve general condition. 
Also supervise child's exercise, diet, 
bathing, etc., and guard against physical 
or mental strain. McCrcady (Penna. 
Med. Jour., Jan., 1911). 

Scries of 28 unselected cases of 
enuresis were treated with thyroid 
gland. Of these 16 showed marked 
improvement or were cured, and 12 
did not improve at all. As the chil- 
dren were only seen once weekly the 
drug was given cautiously, the initial 
daily dose being y or y grain (0.016 
or 0.032 Gm.). The cases which ap- 
pear to react to this form of treat- 
ment better than all others are those 
in which the enuresis has persisted 
since birth, and in which the patients 
are also backward. A. C. D. Firth 
(Lancet, Dec. 9, 1911). 

The connection between nocturnal 
enuresis and adenoids has not been 
generally recognized. Out of 716 
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cases of adenoids operated on by 
Fisher, 14.8 per cent, were troubled 
with enuresis. Mygind reported 7.75 
per cent, out of 400 cases and Grii- 
back 14.28 per cent, out of 427 cases. 
Hamonic circumcised in 187 cases of 
phimosis sufTcring from incontinence 
of urine, with 130 cures. Of these, 
47 were cured in 25 days, 83 within 
42 days, and the remainder lost sight 
of. Ruhrah (Anier. Jour. Med. Sci., 
Feb., 1012). 

Recovery of 8 out of 12 children 
obtained, and great improvement in 3, 
by injections of pituitary extract. 
Bonacorsi (Pediatria, Sept. 1, 1925). 

The application of collodion over 
the opening of the urethra has, in 
Soin way’s experience, been found 
effective in cases of nocturnal enure- 
sis ; the pressure of the urine awakens 
the child, and it thus becomes grad- 
ually weaned from the habit of bed- 
wetting. 

The injection of paraffin parallel to 
and along the urethra, or around this 
canal, a method introduced by Gersuny, 
has been found of value in relaxation 
of urethra, loss of tone of the sphincter, 
laceration or lesions compromising its 
efficiency as a canal. 

Case of a woman who had been 
subject for six years to incontinence 
of urine, apparently of traumatic 
origin. It became so complete as to 
prevent her working for a living. 
There was a posterior colpocele 
without prolapse of the anterior 
vaginal wall; the uterus lay a little 
below the normal level. The urethra 
was intact, but its sphincter had lost 
its normal tone. In order to narrow 
the relaxed urethral canal and to 
afford a resisting medium upon which 
the sphincter might act, the author 
injected solid paraffin into the ure- 
thral canal after Gersuny’s method. 
The incontinence disappeared in a 
few days, and did not return. Fabre 
and Trillat (Ann. de Gynec. et d'Ob- 
stet., Sept., 1908). 


Two cases of complete cure of 
hitherto intractable cases of incon- 
tinence of the urine in women. In 
the first patient, one injection of the 
ordinary commercial paraffin parallel 
to and along the urethra sufficed; in 
the second, three injections were 
necessary. E. H. Eising (Med. Rec., 
April 27, 1912). 

The enuresis which occurs after 
labor as a result of prolonged pres- 
sure, traumatism, etc., usually sub- 
sides as resolution of the parts take 
])lace, and without treatment. In 
some cases, however, the enuresis not 
only persists but increases. A careful 
examination of the pelvic organs is 
then necessary and whatever morbid 
condition is found demands remedial 
procedures, often on surgical lines. 

The nature of the operation should 
depend upon the condition of the 
urethra and bladder neck. The 
Frank operation, combined with an 
anterior and posterior colporrhaphy 
in cases where there is a relaxed and 
gaping vagina, and some appropriate 
operation for retroversion where this 
exists, will cure the average case of 
incontinence coming on after labor, 
and of not too long standing. In 
cases where there is a marked dilata- 
tion of the urethra and of long 
standing, or cases where from ne- 
crosis the muscular wall of the neck 
of the bladder and urethra are want- 
ing, Gersuny’s operation seems to 
offer the best hope of cure. Pawlik’s 
and Dudley’s operations have like- 
wise given good results at the hands 
of their originators. G. Brown Miller 
(Surg., Gynec. and Obstet., Jan., 1910). 

In 2 cases of incontinence of urine 
in women due to stretching or trauma 
of the urethra and surrounding tis- 
sue, in which numerous methods of 
cure had been tried without success, 
the writer obtained complete recov- 
ery by cauterization of the internal 
vesical sphincter through Caspar’s 
operating cystoscope. Two or three 
deep grooves were burned in the 
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sphincter at the point of transit from 
the bladder to the urethra. Caspar 
(Zeit. f. Urol., II Beiheft, 238, 1Q12). 

A plastic operation on the internal 
and external sphincters is effective in 
cases of incontinence of urine of lonj>: 
duration where both internal and ex- 
ternal sphincters have been destroyed 
by previous operative trauma. Young 
(Surg., Gynec. and Obstet., Jan., 
1919). 

The writer has had good results in 
18 cases with an operation consisting 
of the isolation on careful dissection of 
the layer of fascia and muscle forming 
the external sphincter of the bladder, 
and its careful resuture. In 1 type of 
case, plication of the vesical sphincter 
is also carried out as the first step in 
the operation. E. L. Young, Jr. (Jour. 
Amer. Med. Assoc., Nov. 18, 1922). 

Of 24 patients with enuresis operated 
upon, in 21 the X-ray showed spina 
bifida. Operation revealed in every 
case a fibrous band bridging the gap 
and compressing the dural cul-de-sac 
and the nerves of the cauda equina, 
affecting chiefly the sensory fibers. 
This yellow band ligament was found 
not only in the lumbar region but also 
in the sacral, evidently due to de- 
fective union of the .sacral vertebrae or 
to the persistence of the ligament in 
apparently united vertebra*. The opera- 
tion consisted in resection of this 
band. There were one and .sometimes 
several of these bands. Ten patients 
were cured; ten were only slightly im- 
proved; in three the results were nega- 
tive. The writers regard this band as 
responsible for the enuresis. All with 
pureb nocturnal enuresis were cured. 
The failures were all in patients with 
chronic nervous or mental disease or a 
history of some urogenital disease 
The scar of the operation is liable to 
induce recurrence by its pressure, 
Delbet and Levi (Revue dc Chir., 
Ixiii, 483, 1925). 

Lewis H. Adler, Jr., 

Philadelphia. 

EPHEDRIN.-Ephedrin, according to 
T. G. Miller (Amer. Jour. M^J. Sci., Aug., 
1925), has general physiological effects in 


man similar to those produced by epinephrin. 
It has, however, distinct practical advan- 
tages over epinephrin because of its more 
prolonged action and the fact that it can 
be administered effectively by mouth. 
Miller reports his clinical observations with 
this drug. In doses of from 50 to 125 mg. 
(J4 to 2 grains), given orally or subcuta- 
iieou.sly, ephedrin sulphate usually raises the 
systolic and diastolic blood-pressure and 
decreases the pul.se rate for a period of 
several hour.s. It also stimulates the heart 
action and has a tendency to increase the 
output of urine. It sometimes increases the 
basal metabolism. 

Its administration cau.sed temporary im- 
provement in 2 cases of Addison’s disease, 
gave relief in the paroxy.Miial attacks of cer- 
tain cases of asthma, relieved the subjective 
sensations in a case of urticaria, cau.sed a 
disappearance of urticaria in a case of serum 
disease, and produced marked temporary 
improvement in a case of circulatory failure 
incident to myocardial disease and the 
evacuation of an overfilled urinary bladder. 
In a single case of comi)lete heart block it 
produced an increase in both the auricular 
and the ventricular rate.s and caused altera- 
tions in the character of the electrocardio- 
graphic tracings. 

Locally applied to the nasal mucous 
membrane, ephedrin causes prompt con- 
traction which persists for more than 3 
hours, and has no local irritant effect. It 
is believed that a wide range of useful- 
ness of ephedrin will be found in the treat- 
ment of asthma and of acute circulatory de- 
pre.ssion, as well as in the management of 
certain conge.stive nasal conditions. 

EPIDIDYMITIS. See Penis 
AND Testicles, Diseases of. 

EPILEPSY (Morbus Sacer; Fall- 
ing Sickness). 

DEFINITION.— Epilepsy may be 
defined as a disease characterized by 
the habit of having convulsions, at- 
tended usually with unconsciousness, 
the seizures occurring suddenly and 
at irregular intervals, the subject 
showing an essential tendency to pro- 
gressive mental and motor weakness. 
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VARIETIES. — The generic term 
epilepsy is applicable to and includes 
numerous subtypes, some of which 
differ from each other symptomatic- 
ally and otherwise most markedly; 
hence the necessity for a classilication 
of varieties. We have, for example, 
a division into two forms expressive 
of a difference in the degree and in- 
tensity of the motor spasm and im- 
pairment of consciousness in the at- 
tack — major and minor epilepsy, or, 
as the French express it, grand and 
petit maL Other synonyms are gen- 
eral and partial, and, in a more re- 
stricted sense, frank or masked epi- 
lepsy. In grand mal both conscious- 
ness and motor spasm are involved in 
profound degrees. In petit mal both 
consciousness and motor spasm may 
be only slightly and transiently in- 
volved. Tn general ejiilepsy the motor 
spasm may involve all the muscles of 
the body and the loss of consciousness 
may be absolute. In partial epilepsy 
only one extremity or even one set of 
muscles may be affected and con- 
sciousness only slightly if at all per- 
ceptibly impaired. 

Partial epilepsy is, perhaps, more 
readily recognizable under the name 
Jacksonian, or cortical, epilepsy : terms 
more popular, since they embody facts 
of etiological and pathogenic, as well 
as symptomatic, significance. The 
term “cortical” is, however, utterly 
indefensible here, since we have good 
reason to believe that all epilepsies 
are essentially of cortical origin. In 
masked {larvated) epilepsy there may 
be neither motor spasm nor apparent 
unconsciousness, but certain phenom- 
ena of abrupt onset in the psychical or 
motor volitional sphere may occur 
which, by reason of their habitual re- 
currence in the same or similar form. 


constitute a variety of the disease; 
automatic, causeless, but apparently 
purposive movements may represent 
the entire motor explosion. A tran- 
sient stupidity or “absence of mind” — 
perhaps a random or irrelevant re- 
mark — may be the only evidence of 
impaired consciousness. Certain vaso- 
motor disturbances, such as pallor, 
flushing, etc., usually accompany at- 
tacks of this character. In certain 
cases, first described by Weiss and to 
which he gave the name “psychical” 
epileptics, the explosion is, objectively 
at least, entirely in the direction of 
disturbed mental equilibrium, such 
])atieiits being subject to irregularly 
and abruptly recurring paroxysms of 
transient insanity, usually with an 
aura, or warning, and with no recol- 
lection subsequently of the attacks. 
Such seizures, as well as other less- 
marked, but irregularly recurring 
psychical disturbances, arc described 
by other writers as epileptic psychical 
equivalents. Special interest attaches 
to this subvariety of masked, or lar- 
vated, or psychic epilepsy, from a 
medicolegal standpoint, on account of 
the potentially criminal possibilities 
of such individuals during an attack. 

The element of periodicity in the 
time of occurrence of the attack, a 
factor of some importance in both 
prognosis and treatment, has served 
as the basis for a chronological divi- 
sion into diurnal, or day, and nocturnal, 
or night, epilepsy, the former being 
still further divisible into the matu- 
tinal, or morning, and the vesperal, or 
evening, cases. In the succeeding 
paragraphs upon symptoms we shall 
find evidence of the necessity for a 
further elaboration of subtypes. 

SYMPTOMS. — The symptom-pic- 
ture in epilepsy varies quite widely, as 
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has been intimated in the classifica- 
tion and description of subtypes. Not 
only is there a marked difference 
symptomatically in these clinical sub- 
varieties, but each individual patient 
may differ in some major or minor 
particular from all others, although 
preserving in each instance some es- 
sential factor revealing a common 
identity. Tn typical grand mol the pa- 
tient, with or without an aura or warn- 
ing is suddenly seized with a convul- 
sion, attended with unconsciousness 
of greater or less degree. There is 
simultaneously a sudden alteration in 
color, either lividity or pallor, and the 
unconsciousness may be preceded or 
attended by an involuntary cry or 
scream. The patient falls uncon- 
scious regardless of surroundings ; the 
muscles of the face and extremities 
become extended in rigid tonic, fol- 
lowed quickly by clonic spasm ; frothy 
saliva, sometimes mixed with blood, 
escapes from the mouth ; breathing 
becomes labored or stertorous from 
spasm of the respiratory muscles ; the 
sphincters relax, allowing involuntary 
escape of urine, feces, and sometimes 
semen ; the whole convulsive attack 
lasting from a few seconds to ten 
minutes or longer. This convulsion is 
followed, in typical cases, by a deep 
semicomatose sleep, lasting from a 
few minutes to several hours, the 
patient on awakening remembering 
nothing or very little that occurred 
after the onset of the convulsion. 

Slow pulse, vasomotor stasis in the 
extremities, tendency to obesity and 
bulimia, are suggestive of pituitary 
disorder. Clark and Caldwell (Jour. 
Amer. Med. Assoc., Jan. 3, 1914). 

An intensive study of a case of epi- 
lepsy based on notes of 500 examina- 
tions in which the ref.ex vasocon- 
striction reaction times and the reflex 


vasoconstriction valuations were care- 
fully recorded, showed the following: 
Chronic vasoconstriction spots which 
varied in color and becoming white at 
times; abnormal reflex vasoconstric- 
tion phenomena, anemic dermography 
on striking the skin, indicating ad- 
renin in the blood; increased tonicity 
of sympathetic fibers, preceding con- 
vulsive seizures, as shown by the 
short reaction time; abnormal face 
reflexes; hypercontent of adrenin in 
the blood; lowered content of lime in 
the bones. E. A. Tracy (Interstate 
Med. Jour., vol. xxiv, No. 5, 1917). 

In atypical cases any one or several 
of these symptoms may be absent or 
so slight as to be scarcely noticeable. 
In some patients one or more of these 
symptoms may be replaced by sub- 
stitutive conditions entirely different. 
In grand mol the postconvulsive som- 
nolence may be replaced by an out- 
burst of excitement or delirium or by 
states of altered personal identity 
in line with the theory of dual con- 
sciousness during which actions both 
embarrassing and reprehensible may 
be committed, involving sometimes 
grave questions of medicolegal re- 
sponsibility. 

In petit mol both motor spasm and 
unconsciousness are involved in far 
less degree, as the term indicates. 
Very often, indeed, the disturbance is 
of one sphere alone apparently, the 
attack consisting of a transient loss 
of consciousness alone, without motor 
spasm, or of motor spasm unattended 
with perceptible loss of consciousness. 

Not only may the motor spasm oc- 
cur alone ; it may be further limited to 
one limb or to one set of muscles, 
or even to a single muscle. Such 
limited spasms are, however, observed 
— we have reason to believe — only in 
the organic epilepsies belonging to 
the Jacksonian, or so-called cortical, 
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group. In such cases the limb or 
muscle involved points with localizing 
significance to the site of the disease- 
process in the corresponding center in 
the cortex. I'his statement is true, 
though of less value, as regards the 
various forms of sensory and psychi- 
cal epilepsy. Among the rare clinical 
forms of atypical epilepsy most of 
wliich are of the petit-mal group are 
epilepsia procursiva, E. nutans, E. 
loquax, cardiac epilepsy, and migrain- 
ous epilepsy. Epilepsia procursiva is 
a form of the disease in which “the 
attacks consist in a straight or circling 
run, of a varialde distance, which is 
rarely followed by a fall or cry, but by 
facial congestion’* (Hare). The pa- 
tient may run to the left or right or 
straight ahead. The act is essentially 
involuntary, of course, though abso- 
lute unconsciousness may not occur. 
1^his purposeless run may constitute 
the entire clinical phenomenon ; it 
may represent the first stage of an 
ordinary epileptic attack; it may oc- 
cur as a postepilcptic phenomenon. 

In epilepsia nutans, a minor form of 
Jacksonian epilepsy, the motor spasm 
is limited to the muscles of the neck, 
causing nodding of the head alone. 
In epilepsia loquax the attack con- 
sists in an explosion of speech, the 
focus of disease being presumably 
limited to the speech-center. I have 
seen personally only one case of epi- 
lepsia loquax among several thousand 
epileptics observed during the past 
twenty-five years. In cardiac epi- 
lepsy the attacks at first may re- 
semble closely either angina pectoris 
or simple cardiac syncope. The pa- 
tient has little more than an aura of 
preoordial anxiety, usually at night, 
or when lying down with transient 
consciousness, but without motor 


spasm. There is in such cases either 
a bradycardia or a tachycardia, rarely 
a normal pulse, usually no organic 
cardiac disease, but often some arte- 
riosclerosis. 

Attacks of tachycardia or brady- 
cardia may last for hours, days, or 
weeks. After a variable interval the 
heart tends to become exhausted, 
and irregularity occurs — in short, 
heart block takes place. Stops are 
felt in the radial pulse, and concur- 
rently nervous symptoms arise which 
vary from the slightest feelings of 
.sparks flashing before the eyes or the 
waving of a sheet before the patient, 
to severe epileptiform convulsions, 
with loss of consciousness. Yet such 
attacks are most certainly not epi- 
leptic. From the writer’s study of 
such cases he concludes that tachy- 
cardia is a pure neurosis, character- 
ized l)y a great increase in auricular 
contractions from disturbed nervous 
influences. Clarke (Brit. Med. Jour., 
Aug. 10, 1907). 

Five cases illustrating cardiac neu- 
roses or cardiac epilepsy, attended 
with or followed by distinct angina 
pectoris. Newton (N. Y. Med. Jour., 
June 26, 1909). 

Rarany’s sign, conjugate deviation of 
the eyes, present in 23 out of 50 cases. 
The writer concludes that Barany’s 
sign is not constant in epilepsy, when 
found. It is not rare in apparently 
normal children. Tracy (Boston 
Medical and Surgical Journal, June 
21, 1917). 

It is at first a petit mal. Gradually, 
as a rule, the attacks become more 
severe, and finally may assume the 
major, or grand mal, type. This fact 
of transition in these milder forms to 
the severer forms of the disease is 
true of all cases as a pos.sibility, al- 
though in many patients a petit mal 
remains such. The interchangeability 
as regards type is one of the many 
curious and inexplicable phenomena 
observed in this affection. 
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Migrainous epilepsy is a form of the 
disease in which habitual migraine 
may be either succeeded by true epi- 
lepsy of major or minor type or the 
epilepsy be succeeded by migraine, or 
the two conditions may alternate in 
the same patient. In some instances 
many phenomena of both diseases — 
if they be really two — may be noted 
simultaneously. I have seen two such 
instances. 

The frequent co-existence of epi- 
lepsy and migraine emphasized. Usu- 
ally the epilepsy appears later than 
the migraine. One of the conditions, 
however, cannot be mistaken for the 
other. Where such a condition might 
have existed, the migrainei proved to 
be a symptom only of the underlying 
epilepsy, or the epilei)sy api)eared as a 
new element in addition to the mi- 
graine. Strobmayer (Miinch. med. 
Woch., March 10, 1903). 

Abnormalities of cardiovascular 
phenomena occur in the vast majority 
of epileptic’ seizures. Removal of en- 
larged veins or nevoid growths ad- 
jacent to the base of the skull has 
caused cessation of seizures. Epi- 
lepsy causes circulatory disturbances, 
and abnormalities of blood or vessels 
cause epilepsy. T. E. Satterthwaite 
(Trans. Amer. Therap. Soc.; Med. 
Rec., Sept. 23, 1916). 

In studying the peculiarities of at- 
tacks in individual examples of the 
disease it will be found of advantage 
to .systematize such study under four 
divisions or stages: the preparoxys- 
mal, the paroxysmal, the postparoxys- 
mal, and the intraparoxysmal or intcr- 
valling period, as it is sometimes 
called. 

The preparoxysmal, or pre-epilep- 
tic, stage covers the period im- 
mediately preceding the attack. By 
far the most important symptom to 
be investigated here is the aura, or 
warning, by which is meant some 


peculiar and constant subjective sen- 
sation or psychical impression rea- 
lized by the patient as being premoni- 
tory of a fit. An aura is present in 
less than one-half of all cases, but it 
may be of great value and should al- 
ways be carefully investigated- The 
aura may be referable to any of the 
senses. Flashes of light, sudden 
blindne.ss, weird and fantastic visions, 
strange noises, tinnitu.s, deafness, 
numbness or tingling, or burning or 
pain in the extremities; disagreeable 
and indefjnite, but constant sto- 
machic sensations — as fullness, o])- 
pression, or pain; constriction of the 
throat, or of a limb, or of some part of 
the trunk — are among the aur.x which 
have been noted. 

The aura is an aid sometimes in 
deciding the etiological diagnosis. A 
.sen.sation of coldness i>rcceding an 
attack is .said to he, csi)ecially if asso- 
ciated with subnormal tcm])eraturc, 
almost diagnostic of cardiac epilepsy. 
A warning of ])recordial anxiety is 
also suggestive of this tyi)e. The 
aura often constitutes a guide to the 
location of the cerebral Icsio-n, as, for 
example, in the patient reported by 
Beevor and Horsley, in whom an aura 
of a horri]:)le taste and smell pointed 
to the uncinate and hippocampal gyri 
(see also LTughlings-Jackson), found 
to be the site of the causative lesion 
upon post-mortem examination. The 
interval between the aura and the 
attack varies. At times it is exceed- 
ingly short; in others the interval is 
sufficient to permit the patient to pre- 
pare for and prevent the attack. 
Other preparoxysmal warnings of an 
impending attack occasionally noted 
are headaches, vertigo, great irritabil- 
ity, stupidity, and quite frequently a 
ravenous appetite. 
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The irritability and impatience 
noted in many epileptic subjects is 
often supplemented by an excessive 
mobility of temperament. At one 
time depressed, hypochondriacal and 
convinced that he will never recover, 
at another the epileptic will show 
a sanguine and happy disposition. 
Often he is well satisfied with him- 
self, and is fond of giving advice to 
others: at times he is cunning and 
jealous, and again he becomes un- 
duly religious. It is the same with 
his actions: whilst sometimes prompt 
to carry out orders and willing to be 
of service, he is often dull, stupid, 
idle, and prone to refuse work. These 
characteristics are, however, neither 
limited to the epileptic nor neces- 
sarily to be found in every case, and 
a series of observations arc recorded 
in some of which confirmed epileptics 
have shown a normal mentality, and 
in others the so-called epileptic char- 
acter has been met with in feeble- 
minded or imbecile patients, and in 
cases of dementia precox and general 
paralysis. L. Marchand and H. 
Nonet (Revue dc med., Nov. 10, 1907). 

The naughtiness, the moodiness 
and brutality shown by certain chil- 
dren who develop epilepsy later; he 
regards this abnormal behavior as an 
early manifestation of epilepsy. Stadel- 
mann (Med. Klinik, Dec, 25, 1910). 

Case with seizures starting by a visual 
aura (blue) in a hemianopic region 
(right lateral homonymous hemianopsia), 
with anxiety and palpitation. In the 
interval between seizures, there were 
numerous epileptic equivalents with 
colored hemianopsia. Cases of hemi- 
anopsia can have in the blind field 
abnormal light sensations of different 
kinds: visual hallucinations, scintil- 
lating scotomas, and colored rays. 
The different symptoms of irritation 
of the half-blind visual sphere may be 
transitory or may persist throughout 
the duration of the hemianopsia. 
Henri Roger and Reboul-Lachaux 
(Enc6phale, Dec., 1921). 

The paroxysmal stage should al- 
ways, if possible, be studied person- 


ally, or through a competent trained 
observer or nurse. The statements of 
the patient are obviously unreliable. 
The most important phenomenon to 
be noted in this stage is the location 
of the first convulsive movement, or, 
as it is called, the signal symptom. 
This initial motor spasm, close in 
significance to the aura, is even more 
valuable at times in pointing toward 
the cerebral area involved by the 
lesion. Spasms, always beginning in 
the right foot, for example, point to 
the upper left Rolandic cortex, etc. 
The value of the signal symptom 
is greater the earlier it is recog- 
nized. Epilepsy of long standing, 
even though dependent upon a focal 
lesion, tends to become general. In 
old epileptics the signal symptom 
may actually appear to originate in 
the sound side, cortical irritability 
having become exhausted by pro- 
longed insult of the originally affected 
hemisphere. 

The postparoxysmal period is quite 
as important for the determination of 
essential facts as either of the other 
two and in much the same way. A 
monoplegia, — or limited sensory loss, 
— an aphasia, or an acute psychosis 
may possess an even more positive 
pathogenetic and localizing signifi- 
cance than the aura, or signal symp- 
tom. 

Following one or more epileptic 
seizures of either type there may be 
a considerable period during which 
there are delusions of a more or less 
fleeting and temporary character. 
Such delusions are rarely fixed. They 
appear mostly in the form of accusa- 
tions against attendants or fellow pa- 
tients, charging the administration of 
poisons in the food or in medicines 
or abuse, resulting in the bruises, etc., 
which are really the result of falls. 
The mental disturbance is seldom of 
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SO severe a nature as to cause acts 
of violence, although acts of sexual 
perversion are not uncommon. GracU 
ually the delusions disappear and the 
patient resumes his usual piental con- 
dition. W. 11. Pritchard (Ohio State 
Med. Jour., March, 1910). 

The interparoxysmal period is quite 
interestingly filled with curious pheno- 
mena in many cases. Various states 
of mental alteration or abnormality, 
of amnesia and morbid propensity, 
may appear, and may decide entirely 
the question of prognosis. Tt is 
this stage perhaps which is of most 
interest and importance in determin- 
ing the medicolegal status of the 
criminal epileptic, althougli epileptic 
crimes of violence usually occur in the 
postconvulsive period. Evidences of 
essential degeneracy, manifest in stig- 
mata, are conveniently considered 
here. 

The psychoses of epilepsy have very 
definite and immediate associations 
with other manifestations of the dis- 
ease. The plea of irresponsibility for 
criminal acts alleged to have been 
committed while an individual was 
suffering from epileptic mental aliena- 
tion .should be considered invalid, 
unless other and irrefragable mani- 
festations of the disease can he ad- 
duced. The vague and ill-defined 
convulsions, which date hack to in- 
fancy or early childhood, do not con- 
stitute such other manifestations. J. 
W. Courtney (Med. News, June 22, 
1901). 

The paranoid type of epileptic de- 
mentia is characterized by .systema- 
tized delusions, ideas of persecution, 
loss of all the sentiments of affection, 
convulsive paroxysms, and attacks of 
violence, especially at the menstrual 
periods. The catatonic type is char- 
acterized by catatonic stupor, sug- 
gestibility, verbigeration, and nega- 
tivism, which may go so far that the 
patient refuses to eat and has to be 
fed by gavage. The Cviurse is more 
rapid in this form than in any other. 


Two theories as to the origin of 
epileptic dementia predominate: 1, 
that the dementia is due to the epi- 
lepsy, all the nervous phenomena of 
epilepsy are thought to be due to a 
cerebral irritation of toxic origin; 2, 
that the dementia is due to degenera- 
tion, traceable back to heredity. 
Voisin (Revue mem. des mal. de Ten- 
fance, Aug., 1907), 

Some epileptics show an asymmetry 
to Weber’s tactile sensibility seen only 
in patients suffering from organic 
nerve disorder. Asymmetry is found 
in sound persons, but not in persons 
suffering from a functional disease and 
only in those suffering from organic 
nerve disorder or idiopathic epilepsy. 
This S 3 unptom has not always the 
same significance. Its origin can be 
explained in three ways: It may be the 
sole symptom of cortical epilepsy occa- 
sioned by a focus in the cortex; it may 
be a manifestation of an asymmetrical 
development of the cerebrum which 
might be the constitutional condition 
of idiopathic epilepsy itself; it may be 
the symptom of a secondary change in 
the cortex, caused by those physiologic 
changes which are associated in idio- 
pathic epilepsy and may become settled 
after some recurrences of attacks. In 
from 25 to 30 per cent, of epileptics it 
gives a rapid diagnosis without observa- 
tion and without the provocation of 
a seizure. L. Fochcr (Jour, of Nerv. 
and Mental Dis., Oct., 1925). 

Asymmetry or abnormality of de- 
velopment, especially of the skull ; 
undue elevation of the palate roof 
(Gothic arch), a deficient number of 
teeth, undue elong^ation or eversion of 
the coccyx, — the rudimentary tail of 
Fere, — are among the large number of 
stigmata observed. 

There are characteristic functional 
stigmata in the voices of persons suf- 
fering from nervous and mental dis- 
eases. The characteristic speech of 
paresis and the thin, high-pitched 
voice of paralysis agitans arc well 
known and readily recognized by all. 
Many of us have observed that there 
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is something very peculiar and dis- 
tinctive in the epileptic voice, which is 
expressionless, and renders the epilep- 
tic incapable of singing beautifully or 
speaking well. Clark and Scripture 
(Med. Record, Oct. 31, 1908). 

Early objective phenomena are: (1) 
Imbalance of the vasoconstriction re- 
flexes on opposite sides of the body; 
(2) hypertonia of sympathetic fibers 
(manifested by the intensity in color 
of the reflex vasoconstriction, or by 
the reflex appearing sooner than nor- 
mal) ; (3) a patchy reflex vasoconstric- 
tion, or the absence of the reflex; (4) 
chronic vasoconstriction spots. E. A. 
Tracy (Med. Rec., Mar. 11, 1922). 

DIAGNOSIS. — The recognition ot 
epilepwsy, in its typical form, is ordi- 
narily a matter of no great difficulty. 
As, however, convulsions from ure- 
mia, dentition, etc., do not differ ma- 
terially from epilepsy except in the 
matter of habitual repetition, it is 
necessary to consider all the col- 
lateral facts in addition to the seizure 
itself. A history of repeated convul- 
sions of abrupt onset and without 
immediate assignable cause is, in 
itself, almost diagnostic. I^ven with 
such a history, however, the individ- 
ual patient should always be given 
the benefit of a cautious differential 
examination, which should invari- 
ably include a careful uranalysis. 
Aside from the accidental or inci- 
dental convulsions which may ac- 
company other diseases, such as ne- 
phritis, diabetes, certain forms of 
meningitis, brain tumors, etc., there 
are only four conditions which are 
apt to confuse diagnosis: tetanus, ma- 
lingering, syncope, and hysteria. 

There are a number of rapidly 
growing adolescents who have re- 
latively benign fainting attacks which 
at first seemingly simulate larval 
forms of petit mal epilepsy. They 
are to be differentiated from this lat- 


ter condition by the absence of the 
epileptic character and the general 
physical and mental stigma of the 
grave disorder. The syncopal states 
are but a part of the obscure clinical 
picture of dyspituitarism, in which 
there appears to be an excessive func- 
tioning of the anterior lobe of the 
pituitary gland. Coincident with the 
fainting attacks may be low blood- 
pressure, slow pulse, vasomotor 
ataxia, and a host of defective muscu- 
lar and skeletal displacements. In 
the psychical sphere one may en- 
counter not infrequently character de- 
linquencies and slow mental develop- 
ment. The line of corrective treat- 
ment is physical plus the administra- 
tion of specific glandular substance. 
Mild cases recover of their own ac- 
cord by gradually restoring the gland- 
ular and physical balance, but they 
can be materially helped by proper 
direction and rest. L. Pierce Clark 
(Amer. Jour. Med. Sci., Feb., 1922). 

Tetanus differs from epilepsy in 
the two facts of retained conscious- 
ness and tonic spasm alone, clonic 
spasms being absent. 

Malingering. — The detection of 
malingering will in some instances, 
as in the famous case of Clegg, the 
“dummy chucker,” prove quite dif- 
ficult. It is seldom the case, how- 
ever, that a malingerer will learn his 
part as well as Clegg, and few of 
them will have the stoicism to with- 
stand the tests of ])inprick, hot iron, 
ammonia vapor, etc., which are indi- 
cated in suspected cases. I have 
more than once arrested the fit in a 
malingerer l^y firm pressure with the 
thumb against the exposed nerve at 
the supraorbital notch, and in one 
instance temporarily arrested the 
succession of fits in a status epilep- 
ticus. Clegg, by the way, was 
brought to an acknowledgment of 
malingering by being confronted with 
the fact that in his spasms he violated 
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a physiological as well as a physical 
law, in that the thumb was contracted 
in flexion outside instead of inside the 
other fingers. 

Syncope. — In simple syncope there 
is no motor spasm. 

Hysteria is really a form of malin- 
gering, and the same tests apply. 
Here, as with other manifestations of 
hysteria, the disease-picture simulated 
is nearly always overdone. A strik- 
ingly constant physiological mistake 
of the hysterical is the reversal of 
the epileptic order of the convulsive 
movements, beginning with the clonic 
instead of the tonic, or mixing them 
up indiscriminately. Tf the patient 
happens to be a woman and of any of 
the Latin races (and J would add 
T’olish Jews) it is necessary to ex- 
clude, with special and elaborate cau- 
tion, major forms of hysteria. Tn 
many forms of minor epilepsy, espe- 
cially in cases in whicli the disease 
manifests itself through the medium 
of p.sychical or sensory equivalents, a 
positive diagnosis is possible only 
after continued and close observation. 

Gowers attaches considerable im- 
portance to attacks resembling hys- 
teria, which sometimes occur as se- 
quelie to epileptic seizures, especially 
of the minor type. Certainly the as- 
sociation of epilepsy and hysteria in 
asylum practice is not uncommon. 
Contortions of the most violent 
nature accompanied by animal noises 
and attempts at biting, etc., are fre- 
quent. W. H. Pritchard (Ohio State 
Med. Jour., March, 1910). 

Referring to the differential diag- 
nosis between hysteria and epilepsy, 
the writer found that in soldiers 
brought to the hospital with a history 
of attacks supposed to be epileptic, 
hypnotism was valuable to determine 
the character of the attack. The hys- 
terical patient at the word of com- 
mand reproduces the complete attack 


in all its details, whereas the epileptic, 
though he may carry out all the com- 
mands, shows no reaction. (ien’l 
Staff, War College (U. S. Naval Med. 
Bull., July, 191S). 

Cardiac e])ilcpsy cannot, in its in- 
cipiency, in some cases, ho dilTcren- 
tiated from angina pectmds. The 
association of arteriosclerosis or other 
evidences of vascular degeneration, 
common to both conditions, adds to 
the confusion. True convulsions, too, 
have been noted in association with 
the Stokes-Adams syndrome. Epi- 
lepsy occurring only at night may 
exist for years unrecognized. Sleep- 
walking, night terrors, persistent noc- 
turnal enuresis, and other similar phe- 
nomena should always suggest an 
in(|uiry as to the existence of epilepsy. 

Syphilitic epilepsy may be recog- 
nized from the history of infection, 
together with a history of the symp- 
toms, which are, with remarkable con- 
stancy, premonitory of syphilitic in- 
vasion of the brain. Unless the 
epilepsy develops in early or middle 
life, without other assignable cause, — 
the first convulsion having been pre- 
ceded by periodically recurring head- 
aches of evening onset and nocturnal 
exacerbation, associated with marked 
insomnia, or, less often, somnolence, 
with general malaise, and irritability 
of temperament, — the diagnosis of 
syphilis, as a source, should be re- 
jected in spite of a history of infection. 
If this prodromal syndrome be pres- 
ent, it should be strongly entertained 
in spite of a denial of infection. The 
employment of the Noguchi or Was- 
sermann test should be a routine pro- 
cedure in suspected cases. The pos- 
sibility of the convulsive form of 
paresis should never be overlooked, 
especially in patients developing con- 
vulsions in adult life. 
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Eight cases, out of a large aggre- 
gate of colony material, in which 
myoclonus occurred as a complica- 
tion. In one case, a male aged 16, in 
which, the epilepsy was due to fright, 
the myoclonus appeared as a com- 
plication of epilepsy about two and 
a half years later. G. Weiss (Jour. 
Nerv. and Ment. Dis., March, 1907). 

The writer called attention to the 
presence in certain cases of an over- 
growth of the anterior and posterior 
clinoid process, which overlapped the 
pituitary body, as shown by radiog- 
raphy, and suggested, a relationship 
between this anomaly and epilepsy. 
C. C. Johnston (Jour. Amer. Med. 
Assoc., Nov. 1, 1913). 

In a study of epilepsy from the 
X-ray standpoint, based on 95 cases, 
the writer found 7 to be pituitary 
tumors without bony thickening, but 
instead local thinning of the body of 
the sphenoid or the clinoid processes 
from pressure was almost constant. 
In 16 cases there was local thickening 
of bony tissue confined to the clinoid 
processes, or to the anterior fossa of 
the base of the skull. In 22 cases it 
was found in two situations, namely, 
the clinoid processes and the base of 
the anterior fossa. In 35 cases there 
were bony changes in the clinoid 
processes, the anterior fossa and the 
body of the sphenoid bone. In 15 
cases no bony alterations were found. 
McKennan, Johnston and Hemminger 
(Jour. Nerv, and Mental Dis., Aug., 
1914). 

The sellas from a series of un- 
selected epileptic subjects examined 
by the writer presented a wide varia- 
tion in type, but the bony changes 
present seemed similar to those of 
non-epileptic cases. There was no 
characteristic change to be seen in 
epileptic sellas, though they appeared 
smaller. Munson (Arch, of Internal 
Med., Apr., 1918). 

ETIOLOGY. — Heredity, age, sex, 
occupation, and the history of pre- 
vious or coexisting disease, or injury, 
are all factors demanding investiga- 


tion in determining the etiology in 
every case of epilepsy. 

Among 1473 epileptics in the Craig 
Colony, the writer obtained a positive 
Wassermann reaction in less than 2 
per cent. Shanahan, Munson and Shaw 
(N. Y. Med. Jour., Apr. 29, 1916). 

Heredity is remarkably common as 
an etiological factor, especially in 
idiopathic epilepsy. 

A study of the pedigrees of 177 
families containing epileptics showed 
the following facts: A great similar- 
ity of behavior in heredity supporting 
the hypothesis that each is due to the 
absence of a protoplasmic factor 
which determines complete nervous 
development and that the nervous 
conditions named migraine, chorea, 
paralysis, and extreme nervousness 
behave as though due to a simplex 
condition of the protoplasmic factor 
which conditions complete nervous 
development, i.c., persons belonging 
to these classes usually carry some 
wholly defective germ cells. Such 
persons may be called “tainted." 
When such a tainted individual is 
mated to a defective about one-half 
of the offspring are defective; when 
a simplex normal is mated with a de- 
fective about half the offspring are 
normal, the other defective or neu- 
rotic; when both parents are simplex 
in nervous development and “tainted" 
about one-quarter (actually 30 per 
cent.) are defective, and the propor- 
tion of tainted offspring is not notice- 
ably higher when both parents show 
the same nervous defect. Normal 
parents which have epileptic offspring 
usually show gross nervous defect 
in their close relatives, and while we 
recognize that “epilepsy" is a com- 
plex, yet there is a classical type 
numerically so preponderant that, in 
the mass, “epilepsy" acts like a unit 
defect. Data point to a poisoning in 
slight degree of germ cells by alco- 
hol, but the evidence is hardly crucial. 
There is evidence that in epileptic 
strains the proportion of epileptic 
children in the latest complete gen- 
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eration is double that the preced- 
ing. C. B. Davenport and D. V. 
Weeks (Journal of Nerv. and Mcnt. 
Dis., Nov., 1911). 

Heredity is variously estimated as 
present in from 15 to 50 per cent., 
Hamilton believing that it exists in 
one-half of all cases. It should be 
borne in mind, however, that lie in- 
cluded immediate and collateral an- 
cestral phthisis and apoplexy as evi- 
dences of heredity, whicli is not ad- 
mitted by most clinicians, b^pilepsy 
itself in the parent or grandparent or 
brother or sister is quite frequent. T 
have found parental epilepsy alone in 
15 out of 77 cases. Many ob.scrvcrs 
have found a much larger percentage. 
Insanity, migraine, alcoholism, con- 
sanguinity of parents, and major hys- 
teria are among the more common 
ancestral taints observed. Migraine 
in the parent is, in my experience, far 
more frequent in the direct heredity 
of epileptics than is indicated in the 
literature. In Gowers’s talilc of 1450 
cases heredity appeared in the history 
of 36.6 per cent. As to age, epilepsy 
is peculiarly, though not exclusively, 
a disease of childhood and early life. 

To determine to what extent epi- 
lepsy is transmitted directly from 
parents to offspring 33 matings re- 
sulting in 133 offspring, were studied. 
Of these 86 are living and 47 dead. 
Of the total 133 offspring there is a 
history of convulsions in 10, five hav- 
ing died in infancy, during seizures, 
two becoming arrested cases, and 
three confirmed epileptics. The 
group of living offspring contains 46 
cases still under 20 years of age. 
The writer thinks it is not probable 
that 50 per cent, of these will de- 
velop epilepsy, while in the cases 
over 20 years of age heredity will 
play a much less important part. The 
results of his earlier wurk have been 
to a large degree substantiated and 


his conclusion that epilepsy is less 
often transmitted directly from parent 
to offspring than we liave heretofore 
been led to believe seems to be justi- 
fied. D. A. Thom (Boston Med. and 
Surg. Jour., Oct. 26, 1916). 

Of Gowers’s cases, 422 occurred 
under the age of 10 years, and 1087 
under the age of \^) years. 

According to the same ta])le, fe- 
males show a somewhat greater pre- 
disposition to the disease than males 
(females, 54.6 per cent.; males, 46.4). 
This relative difference is really 
greater than is indicated by these 
figures, if we take into consideration 
the greater exposure in males to 
cranial and other accidents, which are 
frequent causes of epilepsy. The oc- 
cupation is often a sidelight upon the 
etiology^ Epilepsy in sailors or pros- 
titutes suggests syphilis; liquor-sell- 
ing suggests alcoliolism ; painting and 
plumbing suggest lead as a cause. 

Study of the pedigrees of 78 cases 
at the Monson State Hospital, and 
also those of allied families, making 
90 pedigrees in all. The results are 
summed up as follows: — 

1. We have no conclusive evidence 
that alcoholism in the parents is a 
cause of epilepsy in the children, al- 
though alcoholism is often associated 
with epilepsy. It may be regarded as 
a concomitant of epilep.sy and an ad- 
ditional evidence of nervous weak- 
ness. 2. Feeble-mindedness is also 
associated with epilepsy, and there is 
some evidence that it is caused by the 
same defect that caused the epilepsy. 
3. Fitting the material to the two hy- 
potheses, first that epilepsy is a re- 
cessive trait that is inherited only as 
epilepsy, and second, that epilepsy, 
feeble-mindedness and insanity are 
due to the same defect which may 
appear in the form of any one of 
them, there) is no striking evidence in 
favor of one to the exclusion of the 
other. The truth probably lies some- 
where between the two. Flood and 
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Collins (Anier. Jour, of Insanity, 
January, 1913). 

The writer observed a family of 30 
memlx‘rs in 4 generations, 11 of whom 
have no sen.se of smell, 4 very little, 
while 2 members of the later genera- 
tion are ei)ilei)tics. The anosmia was 
transmitted through the women. This 
connection between anosmia and epi- 
lepsy should suggest study of the hip- 
pocampus major in epileptics and in 
persons suffering with anosmia. Alik- 
han (Schweizer med. Woch., Mar. 11, 
1920). 

Certain diseases tend to develop an 
instability of the nervous system, and 
thus predispose the subject to the 
subsequent development of epilepsy. 

The various forms of epilepsy, in- 
cluding that which appears to be of 
emotional origin alone, and the mixed 
varieties formerly classed as hystero- 
epilepsy, are the result of not one, but 
several co-existing factors, of vary- 
ing relative importance and variously 
combined. Among these, however, 
three may be said to predominate: 
The cortical trouble, evidences of 
which may be detected even in emo- 
tional cases; the general toxic factor, 
usually of gastrointestinal origin, and 
circulatory instability, especially such 
as is manifested in sudden marked 
alterations of equilibrium in this sys- 
tem, which may be the result either 
of physical exertion or of emotion. 
In emotional epilepsy it is not the 
emotion itself which gives rise to the 
convulsive seizure, but the circula- 
tory changes occurring in association 
with it. Jean Lepine (Lyon med., 
Dec. 22, 1912). 

Itpidemic and sporadic cerebro- 
spinal meningitis, insolation, scarlet 
fever, typhoid fever, and other kin- 
•dted diseases, if attended with pro- 
longed high temperature or toxemia, 
may lead to the development of epi- 
lepsy, the relationship being appar- 
ently one of cause and effect. A 
unique convulsion from any acciden- 


tal cause may start the habit in a pre- 
disposed individual. 

Disease of the heart or blood-ves- 
sels interfering with the circulation in 
the brain, and its nutrition, is properly 
regarded, we think, as a sufficient 
explanation of the etiology in certain 
cases of cardiac and so-called senile 
epile])sy, and perhaps in other ob- 
scure cases. 

In the 3 principal varieties of epi- 
lepsy disturbances of the circulation 
are among the dominating features, 
the writer lieing led to conclude as 
follows: (1) Abnormalities of cardio- 
vascular phenomena occur in the vast 
majority of e])ileptic seizures. (2) 
The grosser forms of cardiac disease 
rarely occur in epilepsy. In fact, they 
arei present in so small a proportion 
as to indicate that they are accidental 
rather than determining factors of it. 
(3) That a cerebral disease or abnor- 
mality may produce epilepsy is well 
established. The evidence shows that 
removal of enlarged veins or nevoid 
growths adjacent to the base of the 
skull has been follow^cd by cessation 
of the seizure. (4) There is there- 
fore a recii)rocal relation l>etween cir- 
culatory disorders and epilepsy to this 
extent that epilepsy causes circula- 
tory disturbances and that abnormal- 
ities of blood or vessels cause epi- 
lepsy. This reciprocal relation he be- 
lieves to have been hitherto over- 
looked. (5) in most forms of epilepsy 
there is cere!>ral anemia, and this is 
relieved effectively by various heart 
stimulants, the high-frequency cur- 
rent, and radiant electric light. The 
importance of the use of cardiac stim- 
ulants in epilepsy has not been prop- 
erly appreciated by the profession. 
T. E. Satterthwaite (N. Y. Med. Jour., 
Nov. 11, 1916). 

Insofar as concerns the organic and 
toxic epilepsies, the etiology and path- 
ology are those of the primary organic 
disease, the epilepsy in such cases ap- 
pearing in the individual only as a 
single, though sometimes the most 
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important, symptom. Any source of 
irritation within the cranial cavity, 
whether chemical or mechanical, 
may — thoug-h it by no means must — 
induce a convulsion. 

In the course of a prolonged and 
persistent as 3 ^stole tlie alterations in 
the circulation of blood in the brain, 
the presence of toxic substances, and 
the vascular and inflammatory lesions 
in the brain combine to produce a 
hyperexcitability of the latter organ. 
This may express itself in crises of 
true epilepsy or of related psychic 
manifestations. J". Monisset and J. 
Gate (Revue de med.; Med. Record, 
Sept. 7, 1921). 

Of interest in connection with the 
su])ject of general predisposition to 
e])ilepsy are the sUitenienls of Peter- 
son that the disease ])ears a ratio to 
the general ])()piilatit)n in this coun- 
try of 1 to 5(X), and the furtlier state- 
ment by Gray that a considerable 
majority of all epileptics have dark 
hair and eyes. 

Reflex epilepsy, the existence of 
which is somewhat widely ques- 
tioned, quite pro])ably occurs, but in 
comparatively rare instances. Among 
the innumerable conditions of peri- 
pheral disease which have been noted 
as bearing an apparently causative 
relationship to the development of 
epilepsy arc phimosis, adherent pre- 
puce or clitoris, stenosis of the uter- 
ine os, nerve-cicatrices or surgical 
disease of the limits or joints impli- 
cating nerve-trunks, carious teeth, 
eye-strain (esophoria, exophoria), 
obstructive disease of the nasal ])as- 
sages, aural diseases, etc. 

Spratling’s work on “Epilep.sy and 
its Treatment’' testifies unintention- 
ally to the potent influence of eye- 
strain. If only 1 in 100 epileptics can 
be cured by relieving measures for 
eye-strain it would practicalb-^ double 
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the number of cures of epilepsy. The 
writer reports 4 cases in which fits 
a])peared to be entirely stippressed 
for considerable periods by the cor- 
rection of optical defects. H. Q. 
Reik (Jour. Amer. Med. Assoc., May 
4, 1907). 

At the ^fassaebnsetts Hospital for 
lt.l)ilepties, the writers placed on full 
mydriasis 8S patients to eliminate 
eye-strain and keep them with para- 
lyzed accomnu)dation for one month, 
'i'licy then eonijiared the results as 
evidenced by the nnniher of seizures 
with the lutmher shown in other 
months. The following results wtTc 
obtained: The total number of seiz- 
ures in a minimum month was 545, 
or an average of 6.1 per patient. Tlie 
total numher of seizures shown in a 
maximum month with the same pa- 
ti(‘iits was h)3(), or an average of 19.6 
per patient. Adding the totals, lliis 
gives 2275 seizures, which, divided and 
averaged, give 13 2 per patient. The 
results as regards the seizures dur- 
ing the month of full mydriasis was 
1110, giving an average of 12.6 seiz- 
ures per patient, or approximately the 
same as that alTorded averaging 
the maximum and minimum months. 
While admitting that eye-strain may 
he an excitant in an individual of suf- 
ficiently unstable nervous system, the 
writers believe tliat the role played 
by ocular deficts in the causation of 
epilepsy is very slight. Hodskins 
and Moore (Vt. Med. Monthly, 
March, 1908). 

Case in which one month after 
correction of cyc-strain, December, 
although the number of severe con- 
vulsive seizures increased somewhat, 
the total number fell from 404 to 157. 
In January the total number fell to 
85, and in February to 7. At the pres- 
ent writing, 6 months have passed with 
but 2 or 3 slightest petit mat, hardly 
noticeable symptoms. G. M. Gould 
(Buffalo Med. Jour., May, 1908). 

Case of a young man aged 23 who 
was subject to attacks resembling 
epilepsy, aggravated by the use of 
his eyes, which first appeared about 
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a year and a half before he was seen 
by the physician. Correction of the 
eye defect immediately was followed 
by cessation of the attacks, and he 
has been free from them for two and 
a half years. J. S. Wyler (Jour. 
Amcr. Med. Assoc., June 8, 1912). 

There is much to support the reflex 
theory in both experimental and clin- 
ical experience, although, as with 
many other phases of the subject, it 
is, as yet, no more than a theory. 

Eight cases in which the epilepsy 
was due to reflex action from adenoid 
vegetations, their removal putting an 
end to the tendency. J. Tornai (Wiener 
klin. Woch., Oct. 3, 1912). 

A study of 210 cases led the writer 
to conclude that since symptomatic 
and idiopathic cases are similar as 
regards age curve, constipation, sella 
turcica pathology and possibly lowered 
basal metabolism, the symptomatic 
cases can be regarded as potential 
epileptics in which the epileptic seiz- 
ures have merely been waiting an 
exciting cause to manifest themselves. 
Nielsen (Med. Jour, and Record, 
Sept. 16, 1925). 

Constipation being often observed, 
C. A. L. Reed attributed the seizures 
to a specific organism, the Bacillus 
cpilepticus, found mainly in the cecum. 
His findings were supported by Ter- 
hune, but not by others. 

PATHOLOGY.— The true patho- 
logy of idiopathic epilepsy is as yet 
an unwritten chapter in the history of 
the disease. We have reason to be- 
lieve that the essential location of the 
conditions causative of the explosions 
which constitute epilepsy is in some 
part of the brain cortex. The theory 
of interference with inhibition through 
irritation of the higher cells of the 
cortex, a theory elaborated in extenso 
by Hughlings- Jackson, is generally 
accepted, but not yet proved. This 
theory is not inconsistent with the 


experimental conclusions of Noth- 
nagel, tending to show the existence of 
a lower convulsive center in the floor 
of the fourth ventricle (pons). 

Dilatation of the lateral ventricle 
was found in 75 epileptics examined 
post mortem. Of these 57 presented 
gross brain lesions; 31 presented cor- 
tical lesions as well as dilated ventri- 
cles; 16, lesions of the cortex alone, 
while 14, with normal appearing cor- 
tex, showed dilated lateral ventricles. 
In the 43 brains presenting cortical 
lesions, the posterior portion of the 
brain was by far the most frequently 
affected, especially the occipital lobes. 
The convolutional shrinkage in this 
region was often marked in the brains. 
Next in order of frequency was the 
general cerebral gliosis, where the 
entire cerebellum appeared to be in- 
volved. Softenings were noted only 6 
times, once being general and 5 times 
focalized. In only 2 cases of the 75 
was there evidence of arterial rupture. 
Gliosis and atrophy of one hemisphere 
alone were noted in 8 cases of the 41 
with dilated ventricle; 27 brains pre- 
sented abnormalities of the cortex; in 
14 instances the cortex was not grossly 
abnormal but the ventricular dilatation 
was of such a degree as to leave no 
doubt of its abnormality. Thoma (Jour. 
Mental and Nerv. Dis., Jan., 1920). 

The study of the morbid anatomy 
of epilepsy has so far been equally 
inconclusive. The abnormal condi- 
tions noted have varied with differ- 
ent observers, even with the vastly 
improved laboratory technique em- 
ployed within recent years. The 
tuberous or hypertrophic sclerosis, 
found chiefly upon the convexity of 
the convolutions by Barthez and 
RilHet ; the “gliosis” invading the 
normal cellular tissue, as described 
by Chaslin; the vacuolation of cortical 
cells with increase of spider-cells, 
found by Bevan Lewis; the hyper- 
plasia of neurogliar tissue, with re- 
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duction in size and deformity of the 
cells, as observed by von Geison; 
these are all interesting and perhaps 
important; but numerous and insur- 
mountable objections exist in each 
instance to their final acceptance. 

The writer carried out macroscopic 
and microscopic exami nations of 20 
brains of epileptic patients who had 
died in an insane asylum. The one 
outstanding pathological fact was that 
in epilepsy there was marked de- 
struction of cortical nerve-cells and 
an overgrowth of neuroglia. The 
writer’s own cases showed niacro- 
scopically an occasional gross lesion 
such as a cyst, a definable sclerosed 
area, etc. He found the sclerosis 
most marked in the hipiiocanipus in 
15 per cent, of his cases. Micro- 
scopically, he found a chronic atro- 
phic condition of the nerve-cells pre- 
ceded by cjiromatolysis. He saw no 
evidence of phagocytosis of the nerve- 
cells by leucocytes. As regards the 
nerve-fibers, he found them in much 
greater abundance in sections treated 
by Cajal’s method than in thfise 
treated by Pal’s method, showing that 
the myelin sheath disappears before 
the axone. The changes in the neu- 
roglia did not especially adect the 
outer layer of the cortex, as has been 
asserted. All the changes were more 
marked according as the case was 
one suffering from a large number of 
fits or not. Changes in the vessels 
were not marked; small hemor- 
rhages were seen in cases with severe 
fits. In older cases the vessels were 
dilated. The writer is unable to 
affirm that there is any special histo- 
pathological picture characteristic of 
epilepsy, but he considers epilepsy to 
be especially a disease of the cortex, 
having found only minor changes in 
the cerebellum, basal ganglia, me- 
dulla, and cervical ganglia. DeBuck 
(Le Nevraxe, June, 1907). 

Alzheimer found acute and chronic 
changes in 60 per cent, of all cases 
examined. In the nerve-cells the 
changes vary from slight degrees of 


chromatolysis to advanced atrophic 
degeneration. The extent of the 
change would seem to depend largely, 
if not entirely, upon the mode of 
death. Certain nerve-cells, showing 
well-marked excentration t>f the nu- 
cleus, which is usually of a globose 
character, are regarded as being typi- 
cal of low-grade brains and to repre- 
sent an embryonic type of nerve-cell. 
The vascular changes consist of dila- 
tation and atro|)liy of the blood-ves- 
sel walls, perivascular infiltrations, 
and punctiform hemorrhages. The 
lymph-spaces are dilated and contain 
a foani-like exudate. Hyaline sjdieres 
or lobulated bodies are seen lying 
free in the lumen of the smaller ves- 
sels and capillaries, and sometimes 
large hyaline masses form casts of 
the vessels in which they lie. In 
neuroglia there is an increase of the 
glial tissue, especially that situated in 
the outer layers of the cortex, and of 
the cornu Ammonis. d'he meninges 
generally show slight fibroid thicken- 
ing and a moderate leucocyte infil- 
tratit)!!. Pupture of the vessels with 
extravasation of red blood-corpuscles 
and a delicate unorganized foam-like 
exudate are always present. The 
lesions found in the brains of epilep- 
tics are of wide distribution. The 
cerebellar membranes are often more 
affected than the cerebral. The glial 
changes are distributed unevenly 
over the whole surface <^)f the cere- 
brum, but some regions are more 
especially involved — viz., the frijiital 
and occipital regions, the cornu Am- 
monis, and the gyri around the lissure 
of Rolando. It is now generally ac- 
cepted that such changes are the 
effects, and not the cause, of the seiz- 
ures. Turner (Lancet, July 16, 1910). 

Our knowledge a.s to the pathoj^eny 
of epilep.sy is scarcely less obscure 
and no more satisfactory. Anemia or 
hyperemia in extreme degree may, 
either of them, excite a convulsion. 
This is a fact of experimental demon- 
stration as well as of common clinical 
experience. 
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Mechanical irritation — ^as from trau- 
ma, neoplasm, or foreign bodies — is an 
agency capable of inducing convul- 
sive attacks, as is well known. 

Transmitted irritation from the pe- 
riphery, through the medium of some 
local condition of disease, — as, for ex- 
ample, an injured nerve, — may excite 
a convulsive explosion of the corre- 
sponding cortical center. Carious 
teeth, stenosis of the uterine os, vol- 
vulus of the intestine, adherent pre- 
puce, and many other conditions of 
local disease may, through the me- 
dium of transmitted irritation along 
the afferent nerve-trunks provoke an 
explosion of the related cells of the 
cortex. Such cases constitute the 
much-questioned, but undeniably ex- 
istent, class of reflex epilepsies. Fi- 
nally, we have as a factor in the path- 
ogenesis of epilepsy certain states of 
toxemia, some of them autogenous in 
origin, others depending upon the in- 
troduction from external sources of 
poisons with a relative affinity for the 
cortex. 

The toxic epilepsies — those which 
are as yet positively determinable as 
such — are not numerous. There is 
reason to believe, however, that much 
more information remains to be 
gained as to the true pathogeny of 
epilepsy from the crucible and the 
chemist than from the scalpel and the 
anatomist. 

The metabolic findings in epileptics 
indicate that the disease is of toxemic 
origin in some cases, the brain being 
peculiarly sensitive to certain meta- 
bolic disturbances. Kauffmann (Miinch. 
med. Woch., Nov. 10, 1908). 

In a study of 775 necropsy proto- 
cols of patients in a general hospital, 
the incidence of intestinal adhesions 
and peritoneal bands was found to be 
relatively the same (18.3 per cent.) 
as in a series of 280 necropsies on epi- 


leptics. Hence the writer believes that 
the constipation of epileptics, to which 
a toxemia has been attributed, cannot 
be said to be due to factors differing 
from those usually considered in the 
colonic stasis of other patients. Caro 
(Boston Med. and Surg. Jour., Aug. 
16, 1917). 

The writer found, as a seizure im- 
pends, an increase in the blood and 
urine of substances giving an alkaline 
reaction. During the seizure and 
afterward there is a pronounced turn 
to an acid reaction. All the testimony 
to date indicates that the composition 
of the urine undergoes certain abnor- 
mal changes by which the degree of 
acidity is materially altered. Bisgaard 
(Hospitalstidende, July 17, 1918). 

In all of 27 cases studied by the 
writer the clinical and laboratory evi- 
dence pointed to chronic intestinal 
stasis and intestinal catarrh as promi- 
nent causes. A. W. Robertson (Brit. 
Med. Jour., Dec. 27, 1924). 

One of the most interesting phases 
of that most fascinating field of newer 
pathology, — perverted internal secre- 
tions, — and one which holds, I l^elieve, 
great promise in the direction of en- 
lightenment as to the pathogenesis of 
epilepsy, is today attracting much at- 
tention and experimental study. The 
thyroid, the pituitary, and the supra- 
renal s are all being charged with 
etiological responsibility, through per- 
version of function, individually or 
collectively. Nothing approaching a 
quod crat demonstrandum has yet been 
attained, but I am one of those who 
believe that it is in this field of re- 
search that we shall find the answer 
to many of the hitherto unsolved 
mysteries of this, one of the oldest- 
known diseases in the annals of 
medicine. 

The dominant feature in the patho- 
genesis of the convulsions is im- 
pairment of metabolism, the spas- 
mogenic agent being some toxic 
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agent in the blood-stream. Patho- 
logical variations of vasomotor ac- 
tion, due more or less to a morbid 
condition of the blood, have also as- 
serted themselves so strikingly in the 
production of fits that some observ- 
ers have been inclined to regard them 
as the foundation of the whole symp- 
tom-complex. Again, destruction of 
the spasmogenic agent has been urged 
by some as the only reasonable prin- 
ciple of cure in opposition to the use 
of bromides and chloral, which tend to 
increase its formation in the blood- 
stream. In a large proportion of 
cases the accumulation of these wastes 
is due to insufficiency of certain duct- 
less glands, particularly the adrenals 
and thyroid. These organs, according 
to the writer, play an important role 
in the conversion of toxic wastes into 
benign and eliminable end products. 
Hence the beneficial influence t)f thyr- 
oid preparations in suitable cases. 
C. K. de M. Sajous (Monthly Cyclo. of 
Pract. Med., March and April, 1907). 

The two i)redominating lines of 
advance in recent years are: The 
hereditariness of the disease, and dis- 
orders of metabolism due to perver- 
sion of the internal secretions of the 
ductless glands. Genuine epilepsy 
seems to be dependent upon certain 
unknown complex hereditary factors 
which bring about a form of cortical 
and subcortical instability. Upon this 
a variety of endogenous toxins may 
act to cause the disease. The fit is a 
manifestation of a reflex action of 
the disease, and as such should not be 
seriously interfered with by sedatives 
per sc. As long as there is hope of 
bringing the real clinical pathogen- 
esis under control, the use of seda- 
tives is to be thoroughly discouraged. 
L. Pierce Clark (N. Y. Slate Jour, 
of Med., July, 1912). 

True epilepsy, representing about 
35 per cent, of all forms, acct)rding to 
the writer, is due to a toxemia by nor- 
mal food and cell products, developed 
when these fail to be sufficiently neu- 
tralized by the action of the th3Toid 
and parathyroid glands which nor- 
mally serve to protect the central 


nervous system against toxins. The 
glandular insufficiency may be due to 
some disorder of the sympathetic sys- 
tem, but the cortical lesions are 
secondary to the chronic intoxication. 
Injections of freshly expressed beef 
thyroid and parathyroid juice caused 
a complete disappearance of the symp- 
toms. Bolten (Nederlandsch Tijdsch. 
V. Geneesk., June 28, 1913). 

The writers conclude that at least 
1 type of epilepsy is probably de- 
pendent upon absorption of toxic or 
poisonous products from the intestinal 
canal. This stasis may be produced 
by an overact ion of the suprarenal 
gland. Hyperactivity of the adrenal 
gland may be caused by dysfunction of 
the pituitary or pancreas, irritation of 
the duodenum, or severe fright or emo- 
tional disturbance. Cotton, Corson- 
White and Stevenson (N. Y. Med. 
Jour., Sept. 16, 1916). 

The writer divides epilepsy ca.ses 
into 2 groups, those due to brain lesions 
and those to the endocrins. The 
thyroid and parathyroids may be re- 
sponsible for the disease directly or in- 
directly, but in the cerebral group the 
primary cause may be infectiou.s, toxic, 
traumatic, or from i)hysical malforma- 
tion or tumor growth. Bambarcn 
(Anales de la Fac. de Med., Lima, 
May- June, 1920). 

In 90 cases examined by the writer 
by X-ray to ascertain the possibility of 
pituitary lesions, there were found: 
Tumors or evidence of pressure in the 
interpituitary area, 9 cases; bony de- 
posits, 52 cases; small areas, 10 cases; 
calcareous degeneration, 2 cases; cere- 
bropathy (not shown by the X-ray), 9 
cases; no changes, 8 cases. In 24 cases 
in persons over 35 years of age, the 
knowledge of over 50 per cent, as 
being due to an organic insufficiency of 
the gland would be a strong argument 
to the effect that the other cases must 
have inefficient pituitary glands. A 
roentgenogram made again in 1 or 
more years showed, in some instances, 
no evidence of progression. If the 
cases were due to struma or other 
tumor growths the process of enlarge- 
ment had ceased. The writer found 
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extract of the whole pituitary gland, 
2 grains (0.13 Gm.) 3 times a day, 
4 hours after meals, the most satis- 
factory treatment. Bromides should 
be given simultaneously. McKcnnan 
(Arch, of Neurol, and Psych., Sept., 
1920). 

PROGNOSIS. — The prog^iiosis in 
e|)ilci)sy may l)e said to be progres- 
sively l)ad ill a direct ratio with the 
number of attacks or the duration of 
the disease in the patient affected. If 
of long standing, the prognosis is bad, 
regardless of the cause. One convul- 
sion, even though it be accidental, 
invites another, and, if repeated a few 
times, the convulsive habit is estal)- 
lished and is curable only in rare in- 
stances. 

Even severe and long-standing cases 
of idiopathic epilepsy arc susceptible 
of arrest or cure. The majority of the 
permanent cures without drugs show 
a gradual subsidence of seizures in- 
stead of abrupt cessation. In patients 
treated with sedatives the criterion of 
cure must be somewhat modified, as 
a period of several months or even a 
year may he required for complete 
elimiiialion of the drugs from the 
system. 

The bromides do not aid the pro- 
gnosis in epilepsy, especially as regards 
permanent cures. The writer has seen 
many cases treated with them steadily 
advance in physical, mental, and 
moral deterioration notwithstanding 
cessation of seizures. He uses bro- 
mides only, 1, as a therapeutic means 
of determining the severity of the 
disease, by ascertaining the sedative 
level necessary to hold the fits in 
check; 2, as adjuvants after all dis- 
coverable causes are set right and in 
such cases as need some small de- 
gree of sedation to bridge over cer- 
tain periods. The seizures should no 
longer usurp the whole field of atten- 
tion with their special therapy of 
sedation. 

Fully two-thirds of all the patients 
with “idiopathic” epilepsy show some 


functional anomaly of metabolism, 
either congenital .or acquired; hence 
diet holds first place in the hygienic 
treatment. L. Pierce Clark (Arch, 
of Intern. Med., Jan., 1912). 

Organic epilep.sy dependent upon 
focal disease of even circumscribed 
limits is no exception to this rule, 
unless recognized promptly and treated 
properly by surgical procedure at 
once. Epilepsy due to syphilis, if 
prom])tly treated, can be cured ; it 
treatment is delayed, it quickly be- 
comes as intractable as any other 
form of the disease. This is true also 
of the toxic and reflex varieties. The 
element of heredity is of sinister sig- 
nificance in proportion to the intensity 
Avith which it may appear in the indi- 
vidual family history. 

The age of onset is of importance, 
both as regards the curaliility of the 
disease and the development of seri- 
ous conqilications. In epilepsy be- 
ginning in early childhood the tend- 
ency to the development of status 
cpilcpticus, a condition dangerous to 
life, is increased. I have seen this 
condition in 17 cases and in every one 
of them the disease began before the 
age of 10 years. The development of 
dementia is more prol)a])le the earlier 
the onset of e])ilcpsy. Mania as a 
coipplication is more likely to be 
found in cases developing at puberty 
or later in life. 

Epilepsy that is observed to develop 
without assignable cause at middle 
age (the epilepsie tardive of Forel) 
seems more amenable to treatment 
and the prognosis is rather better. 
In one such case, however, observed 
by the writer, the disease having de- 
veloped after the age of 30, there be- 
ing a history of parental syphilis, the 
patient died in an epileptic attack, the 
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disease having persisted for several 
years. 

Histories of 7 boys who all pre- 
sented what seemed to be typical epi- 
lepsy and yet, after a time, improve- 
ment ensued so that a year or two 
to date has elapsed without further 
symptoms, although previously the 
seizures had been frequent. Even if 
the cure is not complete and perma- 
nent, yet this intermission of a year 
or so is a great gain for the mental 
development of the child. During 
the years the children were under ob- 
servation there was nothing to shake 
the diagnosis of epilepsy. The pa- 
tients are now from 9 to 18 years old. 
In another case a boy of 7 had two 
typical seiures with foam at the 
mouth, etc. He was vigorously 
purged and an ascaris was passed; 
during the two years since there has 
been nothing to suggest a tendency 
to epilepsy. Another boy of 5 has 
had no seizures for three years to 
date, although before that he had had 
convulsions several times a day after 
the age of 18 months; tetany had 
been diagnosed in this case. In an- 
other case a little girl had numerous 
attacks of sudden blank staring, 
dizziness, etc., with pavor nocturnus, 
suggesting a tendency to epilepsy, but 
these attacks gradually grew less fre- 
quent and there has been nruie for the 
last two years. The child is now 
and is rather backward in school, but 
otherwise apparently normal. In 3 
other cases the writer found that ap- 
parently typical epileptic seizures 
were the first manifestations of a se- 
vere prc)gressive brain or meningeal 
disease; later the seizures gradually 
ceased. He believes that these 13 
personal experiences of his justify the 
conclusion that the prognosis of epi- 
lepsy in children need not be in- 
evitably unfavorable. Zappert (Jour. 
Amer. Med. Assoc., from Med. 
Klinik, Feb. 11, 1912). 

Death from or during an epi- 
leptic seizure is not uncommon. The 
status epilepticus is especially danger- 
ous to life. Paralysis of the cardiac or 


respiratory center is usually the im- 
mediate cause. Mechanical asphyxia 
is not infrequent. No reputable life- 
insurance company will accept an 
applicant known to ])e affected with 
epilepsy. 

Death is imminent at the time n[ 
.seizures, unless help is at hand. The 
cause may he traumatic, suffocation 
may take place, or death may occur 
without any apparent cause. Epilep- 
tics dying in a seizure will usually 
Hiow some, but rarely if ever all, of 
the signs of seizure. The anatomical 
findings are edema and congestion, 
and often the diagnosis (*f seizure 
death has to he made largely by ex- 
clusion. It follows that the epileptic 
sh(Hild he left by himself as little as 
possible. His walks should be in 
company or else in frequented place.s, 
and his repose should be under the 
watchful eye of a night nurse, or atr 
least he should he in the same room 
with seve^'al other patients. J. * F. 
Munson (Med. Record, Jan. 8, 1910). 

The writei has collected 15 cases of 
sudden death during an epileptic fiL 
13 from the writings of others, and 2 
of his ow'ii experience: of these, 8 
were due to cerebral lesions, bulbar 
hemorrhage twice, ventricular hemor- 
rhage once, meningeal hemorrhage 
once, subpial hemorrhage twice, and 
cerebral congestion twice. Of the 
non-cerebral causes, he gives rupture 
of heart three times (left ventricle 
twice, right ventricle once), rupture 
of aorta twice, obstruction (ff respira- 
tory apparatus by fr)od twice. In 
the author's 2 cases (bulbar hemor- 
rhage and subpial liemorrliage) the 
ruptured vessels were healthy. M. A. 
Collins (Alienist and Neurologist, 
Nov., 1911). 

What constitutes a cure in epilepsy ? 
Freedom from attacks for one, two, 
five, or even ten years cannot be con- 
sidered as final evidence of cure, since 
at has been the i)ersonal experience of 
every neurol(>(>fist to note recurrences 
after such intervals of remission. I 
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have known a patient to exhibit a 
spontaneous remission for twenty-one 
years, the attack recurring without 
determinable new cause, and in ex- 
actly the same form, clinically, as at 
first. G. M. Hammond takes the posi- 
tion that relief from attacks for one or 
two years constitutes a cure, subse- 
quent recurrences to be considered as 
new attacks. The objection to this 
teaching — tliere are many — is that, in 
some patients in w'honi the disease 
lasts through life, the attacks may be 
separated by intervals of a year or 
longer throughout the disease. Per- 
sonally, I do not believe in the radical 
cure of epilepsy, if the disease has 
persisted for more than two years, 
except, perhaps, under an ideal en- 
vironment attainable only in specially 
equipped institutions. 

The duration of life after the onset 
of the disease may be several years, 
but as the onset is very common in 
the early years of life, the net result 
is the premature death of epileptics 
as compared with normal people. 
The causes of death in epileptics arc 
quite largely associated with the dis- 
ease itself, and may be divided into 
two main groups, pulmonary condi- 
* tions and conditions of purely epi- 
leptic character. Pulmonary condi- 
tions usually have at their foundation 
the pulmonary edema which is so 
often associated with seizures, etc., 
and hence are secondary to the epi- 
lepsy. Exposure while helpless or 
automatic after a seizure may be re- 
sponsible for lung conditions. It is 
possible that the frequent congestions 
and edemas occurring in these lungs 
make the soil fertile for the tubercle 
bacillus. Munson (Med. Record, Jan. 
8, 1910). 

Of importance in estimating the 
prognosis is the presence or absence 
of stigmata of degeneration. Epilep- 
tics exhibiting cranial asymmetry or 


anomalies of development or well- 
marked intellectual or moral perver- 
sions are notoriously patients admit- 
ting only the most pessimistic prog- 
nosis. Well-marked periodicity in 
the occurrence of attacks in a subject 
constitutes a factor somewhat favor- 
ably modifying the prognosis. 

MEDICAL TREATMENT.— The 
ideal treatment of idiopathic epilepsy 
is, in my opinion, attainable practi- 
cally only through institution environ- 
ment, organized on the colony plan, 
or as it is in Ohio or at Sonyea, New 
York. 

The necessary regulation of the 
patient’s habits, diet, clothing, exer- 
cise, sleep, and the employment of 
various adjuncts, direct and indirect, 
such as hydrotherapy and gymnas- 
tics, and appropriate culture of the 
mind and morals, can be accomplished 
systematically only in an institution 
established and conducted for such a 
purpose. 

Where this is impossible, some such 
general plan as the following is ad- 
visable: Epileptics should be given 
some employment always, preferably 
physical and congenial and out-of- 
doors. 

The diet should be regulated to two 
meals a day. Plain, wholesome food 
simply and properly cooked should be 
given liberally, but not in excess. 
Epileptics should be trained to eat 
slowly and to thoroughly masticate 
all food. 

Of 17 cases, 10 were entirely freed 
from convulsions and 4 markedly im- 
proved by a diet consisting of only 10 
to 15 Gm. of carbohydrate a day, with 
not over 1 Gm. of protein per kilo, of 
weight, and enough fat to make up 
calories. The best results were ob- 
tained in petit mal. Peterman (Amer. 
Jour. Dis. of Childr., July, 1924). 
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The writer places his patients under 
a system of intensive training and 
dietetic regimen supervised by a 
“nurse-trainer'’ who lives with the 
patient on the same schedule and 
draws up daily detailed reports of his 
condition. The measures outlined 
for these cases include a diet consist- 
ing chiefly of cooked cereals, stewed 
fruit, milk, eggs, fish, and vegetables; 
cal i sthenic exercises, and a walk in 
the morning; periods of rest morning 
and afternoon; wood sawing or other 
useful occupation; warm bath and 
general massage in the evening; high 
colon irrigations every other night 
until colitis is reduced; castor oil or 
calomel every ten days. A daily 
uranalysis is made. Nearly every 
case with metabolic defect shows 
either indican or albumin for the 
first two or three months, later dis- 
appearing. 

All patients were fcjund by the writer 
to benelU more or less ix^rmanently by 
this plan of treatment. L. Pierce Clark 
(Archives of Internal Medicine, Jan., 
1912). 

The toxics responsible for the 
paroxysms are the result of an in- 
capacity to metabolize an amount of 
protein which the average individual 
can take with impunity. The most 
important feature of correct manage- 
ment is limitation of the proteins. 
Tom A. Williams (Med. Rec., May 8, 
1915). 

Very little fluid should be allowed 
with meals. No special constant diet 
table is either necessary or advisable, 
except ill individual patients in whom 
some special indication exists. The 
two meals should be given at 10 a.m. 
and 5 p.m. The patient should be re- 
quired to drink water freely and at 
regular intervals between meals — as 
much as 3 or 4 pints to be taken daily. 

Some years ago, H. R. Geyelin intro- 
duced a fasting method, food being 
withdrawn suddenly and the patient 
given distilled water in excess at 
first, then thin broths. Short fasts 


from 3 to 10 days were thus borne 
without discomfort. The value of 
the method, however, is still to be 
shown. 

The starvation treatment is effective 
only wliile it ts continued and while 
the patient remains in hcd. The water 
treatment may he useful in those epi- 
leptics who have series of attacks at 
certain long intervals; these patients 
may be starved every 2 i>r 3 months 
for 10 or 12 days. A. Gold bloom 
(Can. Med. Assoc. Jour., Aug., 1922). 

In 13 cases, mostly severe, 2 to 6 
days of fasting resulted in temporary 
suspension of the seizures and mental 
improvement, in several instances per- 
sisting for some tiiiu'. Schou and 
Teglhj.erg ( I lospitalstid., Jan. 22, 
1925). 

A few fair results were obtained in 
the epilepsy of children by starvation. 
The writer reserves this treatment 
for cases of impending status epilcp- 
ticus. An acidotic diet (meat, cream, 
eggs) was also effectual in a few in- 
stances. When be added a little sugar 
to the water allowed to the fasting 
children, the acetonuria disappeared 
and the seizures returned. Karger 
(Klin. Woch., Mar. 19, 1926). 

The living rooms should be light 
and never overheated or contami- 
nated by impure air, ?.r., well ven- 
tilated. l^])iU*ptics should l)e care- 
fully protected from exposure to ex- 
tremes of temperature. Tonic baths 
at proper intervals, keeping the skin 
active, and assisting in general nu- 
trition, arc valuable, but there is no 
.special system of hydrotherapy 
which will cure cases of epilepsy. 

As regards the drug treatment, we 
arc still dependent upon the bromides. 
With regard to the use of the bro- 
mides in epile])sy I am firmly of the 
belief that the curse of the epileptic 
was the discovery that the bromine 
.salts palliated and modified the dis- 
ease. I have never seen a case of epi- 
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lepsy cured by the bromides, and I do 
not believe that the theory of its use 
permits such a result. It modifies; it 
palliates; but it does not cure. The 
mode of using bromides is given below. 

Antitoxins and various other sensa- 
tional specifics, including hypnotism, 
have be.en vaunted in recent years, 
but have failed to stand the tests of 
trial fairly made. 

As I have indicated under patho- 
logy, a field of experimental organo- 
therapy in epilepsy has lately de- 
veloped, which invites attention. 
Nothing of positive demonstrated 
curative value has been established, 
but a rational basis for such experi- 
mentation has been laid, and much of 
promise appears as possible in this 
direction. The negative argument 
alone of abject helplessness in cura- 
tive resources is in itself sufficient 
defense for this new departure. 

The various ductless glands have been 
used extensively in this disease but on lines 
in keeping with the empirical methods 
fostered by the prevailing ignorance of the 
subject as a whole. Despite this fact, 
organotherapy has proven valuable when- 
ever the agents given happened to strike 
the right note of a case — an indication that 
when the profession will cease following 
the misleading influence of physiologists, 
rational organotherapy will prove of great 
value in this disease. 

In previous issues of this work and in the 
article on Animal Extracts the value of 
thyroid gland in certain cases has been sum- 
marized. Besides this agent, pancreatic ex- 
tracts and the following have been used by 
many. A few are enumerated below in their 
chronological order. Jelliffe (N. Y. Med. 
Jour., Dec. 4, 1920) found parathyroid ex- 
tract useful, particularly when given by rec- 
tum in its crude state. Lowenstein (Amer. 
Jour. Med. Sci., Jan, 1922) studied 16 cases 
for symptoms traceable to the pituitary. Five 
showed 1 or more features possibly ascribable 
to pituitary changes ; 6 gave abnormal mental 
reactions, and 8 showed under X-ray exami- 


nation changes in the sella turcica. But 3 
of the latter, however, improved under 
pituitary treatment. Pituitary (pituitrin or 
whole gland) improved 5 of the cases, the 
best results being obtained when it was 
given hypodermically. One-half c.c. once 
or twice weekly sufficed. None of the 
cases with “typical epileptic constitution,” 
or those with abnormalities of the fundi 
or visual fields, were improved. Leahy 
(N. Y. State Jour. Med., Jan., 1922) had 7 
cases showing, in practically every in.stance, 
in addition to polyglandular involvement, 
some direct connection with ovarian de- 
dcficicncj\ One severe case yielded to corpus 
luteum given several months, the seizures, 
initiated by vertigo, having occurred pre- 
ceding menstruation. In a second case, 
in which menstruation had been defective 
and scanty, the seizures being nocturnal 
and accompanied by mental phenomena, 
great benefit was obtained from ovarian 
substance, 5 grains (0.3 Gm.) t, i, d. before 
meals. A third case, with somewhat simi- 
lar symptoms and a sella of small size, also 
improved under pituitary gland, both an- 
terior and posterior, 1 grain (0.065 Gm.) 
t.i.d. before meals. A case of hystcro- 
cpilcpsy, with delayed puberty, observed by 
T. C. Graves (Lancet, Dec. 4, 1920), was 
successfully treated with testicular extract 
He refers to 2 observers who also noted a 
diminished intensity of the symptoms un- 
der 1 tablet and non-recurrence under 2 
tablets. According to R. H. Spangler (Atlan- 
tic Med. Jour., Dec., 1924), a certain propor- 
tion of the cases may be regarded as en- 
docrin epilepsy. He favors non-specific 
protein injections in the form of venom 
protein (crotalin) for activation of the en- 
docrins. Gland substances are also given 
by mouth. M. Kern (Hosp. Soc. Serv., 
May, 1924) reported gratifying results in 4 
out of 5 cases from combined th 5 rroid, 
pituitary, ovarian and testicular extracts. 
G. C. Boltcn (Ned. Maand. v. Gen., xii, 
637, 1924) reported a number of cases notably 
improved by thyroid gland. Bisgaard 
(Acta mcd. scand., Jan. 1, 1925) maintains 
that parathyroid extract is useful, restoring 
the ammonia values. — Editors, 

The coal-tar derivatives — ^antipyrin, 
phenacetin, lactophenin, etc. — have 
also had their day, although their use 
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is not altogether without benefit tem- 
porarily under certain circumstances. 

Ethylene bromide, amyl one hy- 
drate, sulphonal, trional, curare, and 
solanum Carolinense arc a few among 
the hundreds of remedies recommended 
which have proved of only slight value 
or useless altogether, or, as with amy- 
lene hydrate and curare, worse than 
useless. Borax, sometimes designated 
as biborate of sodium, is an exception 
in that it rarely docs seem to possess 
a positive value, especially in noctur- 
nal epilepsy. The dose is from 15 to 
60 grains (1 to 4 Gm.) once, twice, 
or three times daily. Very much 
larger doses have been given and 
have been well borne. In this variety 
of epilepsy, too, some hypnotics 
— sulphonal, trional, chloralamide, 
and urethane — have a useful i)urpose 
as occasional temporary substitutes 
for the bromides. 

Treatment with borax has been in- 
troduced in France. The best results 
were obtained with the following com- 
bination: Potassium bromide, 15 grains 
(1 Gm.); purified borax, grains 
(0.5 Gm.), Fowler’s solution, 2 min- 
ims (0.125 C.C.). This is given 3 
times a day. The results witnessed 
were, marked general mental im- 
provement; freedom from stupor af- 
ter convulsions; disappearance of ir- 
ritability and quarrelsome tendencies, 
and complete change of habits. J. 
McCartney (Brit. Med. Jour., Jan. 6, 
1923). 

In giving the bromides certain gen- 
eral facts should be recognized. The 
potassium salt is the most effective. 

All bromide salts should be spe- 
cially investigated as to purity of 
manufacture. Every dose of bromide 
should be given well diluted. The 
dose is inconstant necessarily and 
varies with the type and intensity of 
the disease in each patient. In an 


ordinary case, with attacks of moder- 
ate severity occurring four or five 
times a month, or less often, the ])a- 
tient should l)egiii with 20-grain (1.3 
Gm.) doses twice daily. This may he 
increased or diminished according to 
the effect. An insufficient dosage is 
])ractically useless; on the other hand, 
no unnecessary excess of the drug 
should be continuously introduced 
into the system, since hroniisni, if pro- 
longed, induces a condition scarcely 
less dejdorable than e])ilepsy. 

If the attacks occur at more or loss 
regular intervals, as at the menstrual 
epoch in women, such periods of at- 
tack should be anticipated by tempo- 
rarily increased doses. Gowers’s plan 
is cjuite effective in some cases, 
though bordering on the heroic. He 
gave one full dose of potassium bro- 
mide in the morning after breakfast in 
half a ])int of water (250 c.c.), begin- 
ning with 2 drams (8 (jin.) every sec- 
ond morning, increased to 3 drams 
(12 Gm.) every third morning, and 4 
or more drams (16 Gm.) — an ounce 
(30 Chii.) sometimes — every fifth day. 
The dose and order of interval are 
then reversed and the treatment is 
continued in this way for six weeks; 
small doses are then given for a year 
or more. 

It is desirable to give just that 
amount of bromide which, being 
added grain by grain on the return 
of attacks, will finally prevent their 
occurrence. Although the effects of 
bromide on the skin are annoying, 
they may generally be avoided if the 
person will bear full doses of arsenic 
and use hot baths. There is, how- 
ever, a small percentage of persons 
who are so susceptible to the bad ef- 
fects of these drugs that a dose of a 
dram a day will within a week pro- 
duce large rupia-like ulcerations, which 
so strongly resemble the rupia of 
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syphilis that when the writer first saw 
and described them he was for a time 
completely deceived. 

As you patiently add grain by 
grain to attain the restraining dose, 
so you must at the end of 2 years 
without attacks as slowly withdraw 
the drug grain by grain. Weir Mitchell 
(Therap. Gaz., March, 1912). 

Potassium bromide seems to be 
curiously limited in its power for 
good in the treatment of epilepsy. 
Occasionally, after having been effec- 
tive for weeks or months or even 
years, its effectiveness will, without 
assignable cause, cease. This is true 
not only of potassium bromide, but 
of nearly, if not every, other drug 
useful in epilepsy. Some other one 
of the bromides, or several of them in 
combination (sodium, strontium, am- 
monium, lithium, — valuable in the 
order mentioned), or one or two of 
the bromides in solution with antipyrin 
or in com])ination with phenacetin, 
may be advantageously su])slituted 
for the continuous use of a single salt. 

A diet low in salt, i.c., poor in 
chlorine, has been found to increase 
the efficiency of the bromides, thus 
making it possible to administer 
smaller doses of the latter. 

The beneficial effects of a diet 
which is arranged so as to be poor in 
chlorine, upon epileptic patients who 
are at the same time on the bromide 
treatment, were first urged by Toul- 
ouse and Richet. Andre Viteman, in 

1906, demonstrated that a rigid de- 
chlorinized diet combined with the 
bromide treatment (2 Gm., or 30 
grains, in 24 hours) in an epileptic 
caused the urea and the phosphates 
in the urine to be eliminated in much 
larger quantity. (Journal des Prati- 
ciens; N. Y. Med. Jour., Aug. 17, 

1907. ) 

Results in 15 cases of epilepsy 
treated by a diet low in salt in com- 
bination with the bromide treatment. 


These patients were observed contin- 
uously for a period of five years, and 
the improvement has been constantly 
maintained. Immediate improvement 
followed the withdrawal of sodium 
chloride from the diet. In 6 cases the 
attacks ceased completely; in the 
other 9 there was marked improve- 
ment. Ulrich (Munch, nied. Woch., 
Bd. lix, S. 1947, 2007, 1912). 

In a case observed by the writer, 
skimmed milk and bread without but- 
ter sufficed to nourish the child and 
prevent recurrence of seizures. DeLue 
(Trans. Amer. Med. Assoc.; Med. Rec., 
June 11, 1921). 

The hypnotic luminal (phenobar- 
bital), differing from veronal (bar- 
bital) only in that one ethyl group has 
been replaced by one phenyl group, has 
been widely substituted for the bro- 
mides. It docs not cause the mental 
or confused state observed in cases 
taking the latter, and docs not tend 
to habit formation, although the ef- 
fects of its abuse may suggest alco- 
holism. There is a definite decrease 
in the number of seizures and the 
resulting injuries, while the patient 
becomes quieter and more amenable 
to treatment. Cumulative effects or 
paralyses do not ensue. It favors 
menstrual function and may cause 
an increase in weight. Grand mal 
seizures tend to become converted 
into petit mal and then to cease for 
periods more or less prolonged. The 
drug is only valuable as a palliative, 
however, the seizures tending to re- 
turn when it is stopped. 

The dose for an adult is grains 
(0.1 Gm.) of luminal and 2 grains 
(0.13 Gm.) of luminal-sodium, — pre- 
ferred by some authors, J. T. Fox 
(Lancet, Sept. 10, 1921), for instance, — 
given at bedtime. The effects may 
not be seen for a week or two, but 
are usually noted from the start. In 
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delayed cases a small dose of bro- 
mide of sodium will bring on the 
eflPects of luminal. In some the dose 
must be increased to perpetuate its 
effects. Other patients do not toler- 
ate it well; in these, small doses 
should be tried along with a bromide 
salt. It should not be stopped 
abruptly, as the seizures may then 
recur with increased violence, and 
may even, as observed by Foley, ini- 
tiate status epilepticus and thereby 
cause death. 

Untoward effects occur in about 
10 per cent, of cases treated with 
luminal. ^Phe patient may become 
irritable or complain of vertigo. An 
eruption resembling that of scarlet 
fever is sometimes observed, which 
disappears on stopping the drug. 
This is apt to occur when a renal 
disorder is also present. Zalla (Riv. 
di patol. nerv., Apr. 4, 1921) admin- 
isters belladonna and hyoscyamus 
besides the luminal to prevent excite- 
ment; he also recommends a meatless 
diet in this connection. Sajous has 
observed that any degree of constipa- 
tion tends to promote the untoward 
effects of luminal, and that albumin 
in the urine, and casts, particularly, 
indicate the need of circumspection 
in its use. 

The writer found that if he limited 
the administration of luminal to 1 
dose at bedtime, these symptoms did 
not appear and the efficiency of the 
drug was not impaired and possibly 
was increased. It exerted a remark- 
able control over the seizures even in 
the most confirmed cases. The doses 
required were very small, a dose of 
V/t gains (0.1 Gm.) of luminal or 2 
grains (0.13 Gm.) of luminal-sodium 
given at bedtime being sufficient. He 
was rarely obliged to give as large a 
dose as 3 grains (0.2 C.n.). Dercum 
(Therap. Gaz., Sept., 1919). 


Phenobarbital (luminal) proves effec- 
tive in idiopathic and traumatic epilepsy, 
but is of doubtful value in senile and 
SNphilitie epilepsy. This drug and 
bromides may be combined and better 
results thus obtained in selected cases. 
Phenobarbital has a cumulative effect, 
which is corrected by a break of 2 
days in each week. If the drug is sud- 
denb’^ broken olT, the risk of a resulting 
series of seizures is much reduced by 
giving bromides at once. A safe 
dosage is 1’ ; grains (0 09 Gm.), given 
5 days a week. Possible ill-effects, 
especially from larger doses, are a 
morbilliform or scarlatinoid rash, 
syniiilonis simulating alcoholic intoxi- 
cation, severe diarrhea, mental hebe- 
tude, and delirium. Darling (Arch, of 
Neurol, and Psych., Apr., 1923). 

The writer prefers giving not over 
V/> grains (0.09 Gm.) of phenobarbital 
in the morning in diurnal epilepsy, not 
over 25 grains (1.6 (iin.) of bromide at 
night in nocturnal cpilei)sy, and both 
remedies ''^ hen attacks occur both day 
and night. J. Collier (Lancet, Aug. 
23, 1924). 

Sometimes the addition of one of 
the motor depressants — as hyoscya- 
mus, conium, belladonna, or their al- 
kaloids — is quite as effective, at least 
temporarily. As a matter of further 
curious interest it has been proved by 
experience that in such cases a change 
to almost any new drug will result 
in temporary improvement — a fact 
which explains, in part at least, the 
almost limitless pharmacopeia of the 
disease. 

The use of opium, reintroduced, as 
is known, by Flech sig, is deserving of 
mention and a limited commendation. 
Flechsig’s method consists in the 
daily administration of opium in the 
form of the solid extract in doses 
gradually increased up to several 
grains (12 to 15) daily, five or six 
weeks usually being required. Treat- 
ment by bromide is then substituted 
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for the opium. This treatment is of 
distinct benefit in old, long-standing, 
idiopathic epilepsies which have not 
been benefited by the bromides. It is 
contraindicated in recent epilepsies 
and in the organic cases. 

Chloretone used in 12 obstinate 
cases and recommended where bro- 
mides fail. All cases showed marked 
reduction, and in 1 cessation, of at- 
tacks. It is best given in glycerin 
solution. In the robust 10 grains 
(0.65 Gm.) may be given i. i, d. 
Sometimes “chlorctonism” symptoms 
appear : Increasing dullness and drowsi- 
neSvS, later vertigo, irritability, pallor of 
mucous membranes, sluggi.sh reflexes, 
albuminuria, and an eruption. The 
urine should be examined daily and the 
drug stopped if albuminuria or other 
symptoms appear. The benefit from 
chloretone usually persists a month 
after discontinuance. Bentley (Austral. 
Med. Gaz., March 20, 1911). 

Four remedies are deserving of 
special mention in connection with 
special forms of epilepsy for the relief 
of which they seem especially effica- 
cious: Amyl nitrite and monobro- 
mated camphor in cases of petit mol, 
duboisine in hy.steroepilepsy, and 
coniine hydrobromide in the status 
epilcpticus. Nitrite of amyl also pos- 
sesses value as a drug which, if used 
promptly in cases preceded by an 
aura, will often prevent the further 
development of the attack. Chloro- 
form by inhalations is at times tem- 
porarily useful in controlling the 
status epilcpticus. 

Clonic spasms can be suppressed 
and the consciousness restored by 
placing the epileptic on his left side 
during the tonic period. This method 
of arresting the seizure was first suc- 
cessful by McConaghey, of Edin- 
burgh, and the author has found it 
successful in every instance in which 
it has been applied. Crocq (Four- 
teenth French Congress of Neurol. 


and Psych.; Semaine med., vol xxiv, 
No. 32, 1904). 

I have found the use of cardiac 
tonics of positive value in combina- 
tion with the bromides in what is 
known as cardiac epilepsy. The con- 
dition of the heart and pulse is the 
guide to the selection of the adjuvant 
drug. Sugar has been advocated by 
some, though condemned by others. 

The diet advocated by the writer is 
one starch and sugar free. He also 
gives pancreatin and sodium bicar- 
bonate at meals, a dose of Epsom 
salts every fourth day, and mineral 
oil daily if needed. In only 2 cases 
did he give bromides, and then only 
for a short time. T. E. McMurray 
(N. Y. Med. Jour., Nov. 11, 1916). 

The writer induced convulsions in 
rabbits, mice and dogs by injections 
of insulin, which caused hypoglycemia. 
He also noted an increase of epilepsy 
cases in Russia when sugar was scarce. 
Thereupon he tried sugar in epileptics 
with hypoglycemia. In 18 cases the 
seizures became rarer and milder; in 

5 they appeared only once in from 4 to 

6 months, while before the treatment 
they occurred every day in 1 patient, 
and 3 or 4 times in a month, in the 
others. Since blood with reduced 
sugar may irritate the nervous centers, 
causing convulsions, the administra- 
tion of sugar should prevent them. 
From 50 to 100 Gm. (1% to 3J4 ounces) 
of glucose, dissolved in water, with 
lemon juice, or 200 Gm. (6^ ounces) 
of sugar, was given daily by the mouth. 
The amount of sugar was reduced to 
5-25 Gm. (1J4-654 drams) when sweet 
fruits or S 3 Tups were being taken. 
Wladyeiko (Presse med., Nov. 7, 1925). 

To a certain extent, though far 
more limited than one would suppose 
from a priori reasoning, the etiology 
affords a basis for treatment. Anti- 
syphilitic treatment should be at least 
given an energetic trial, as epilepsy is 
due primarily to syphilis. Such pa- 
tients, however, as a matter of fact, 
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are not often cured by this means, 
and as a further fact of interest it will 
be found that such patients do not 
bear well energetic specific treatment. 
Various toxic agencies or conditions 
of visceral disease, standing in a 
presumably causative relationship, 
should be treated, of course, but cure 
of the toxemia or the visceral disease 
rarely results in cure of epilepsy. 

Yet the possibility of autointoxication of 
intestinal origin should invariably l)c looked 
upon as a possible cause. Sajous has 
treated 2 cases in which elimination of this 
factor proved curative. One of the cases 
has been well 15 years, and has borne 
children without eclampsia; yet it was vir- 
tually one of status epilepticus, the seiz- 
ures occurring from 20 to 30 times every 
night. In the second case, the child, a boy 
of 8 years who has been well over 2 years, 
the seizures occurred 2 or 3 times a night 
and were inducing idiocy. Free lavage of 
the intestine, with ])()slural changes to 
cause the fluid to bathe the cecum, and 
small doses of thyroid gland internally, 
besides abstention from proteins, were the 
measures employed. — Edhoks. 

Veronal in small doses is often a 
more efficient drug than the bromides. 
The writer gives it during tlic inter- 
missions in doses of 0.1 to 0.3 Gm. 
(V /2 to 5 grains) from twice a day to 
twice a week, depending upon the age 
and the severity of the case. A cumu- 
lative effect or intoxication Avas not ob- 
served. Licbl (Med. Klin., Nu. 45, 1909). 

Having operated on a young epi- 
leptic for inguinal hernia under spinal 
anesthesia, the writer learned, 2 years 
later, that the young man had had no 
seizures, although previously they had 
recurred every 10 or 15 days for 9 
years. Systematic use of spinal anes- 
thesia in epileptics thereafter uni- 
formly yielded great improvement. 
Giacomelli (Gaz. degli osped., Jan. 
18, 1912). 

(1) Secure bowel movements once 
or twice daily. (2) Have patient drink 
water freely. (3) Tepid sponge bath- 
ing or brief immersion baths fol- 
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lowed by gentle rubbing. (4) Alild 
exercise in open air. (5) Mixed diet, 
consisting of vegetables and milk in 
liberal amount, and also white meats; 
starchy foods in limited quantilA ; nor- 
mal amount c^f fats. Correct diges- 
tive difficulties (h) Bromides to he 
used early in disease and in sufficient 
amount to control seizures. (7) So- 
dium chloride withdrawal found an 
aid to bromides, though i)rohihition 
of salt should not he so radical as to 
cause anorexia and loss of weight. 
(8) Combination of sodium glycero- 
phosphate with bromides proves bene- 
ficial. (9) Thyroid extract valuable in 
epileptic children with arrest of de- 
velopment, as well as, occasionally, 
in other cases; to he given ])ersist- 
ently, in small doses; after a lime, it 
will be found bromides can be re- 
duced or even for a while suspended. 
(10) Trial of pituitrin in epilepsy 
justifiable. (11) Symj>t()ms prelimi- 
nary to seizure.s, such as headache, de- 
pression, etc., indicate the prophylac- 
tic use (u a saline purge, diminution 
of food, and increased bromide dosage. 
Dcrcum ('I'lierap. Gaz., Alarch, 1912). 

The writer ()!)servcd 3 cases in 
young women, I of whom had her 
first epileptic sei?urc after severe ton- 
sillitis and another after scarlet fever. 
These patients were given, in the 
course of 20 months to 2V-» years, 8 to 
12 scries of intravenous injections of 
neoarsphenamin, each scries totalling 
about 5 Gm. drams) of the drug. 
The seizures, as a result of this treat- 
ment, have been absent for 11 months 
to 8 years. In 2 the Wassermann was 
negative and in the other doubtful. 
Injections of sodium nucleinate, tuber- 
culin, or blister fluid were given in the 
intervals. Page (Pressc med., Sept. 9, 
1922). 

The frequently demonstrated fact 
that the coagulability of the blood is 
reduced in epilepsy sugge^sted the use 
of calcium, the most satisfactory salt 
of which is calcium lactate. From 5 
to 15 grains (0.3 to 1 Gm.) may be 
given three times daily. 
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The writer gave calcium carbonate 
twice daily in the form of a cachet 
containing 10 gr. (0.6 Gm.) and 
found it of real service. II is experi- 
ments dealt with 5 epileptics, and 
extended over two years. The daily 
average of fits was considerably les- 
sened while the salt was taken. A 
very great improvement occurred 
in the mental and physical conditions 
of the patients; and they were less 
confused, irritable, and excitable 
while taking the calcium carbonate. 
D. Linguerri (Bull. d. sci. med., Dec., 
1906). 

The writer has successfully used 
calcium lactate in the treatment of 
epilepsy. All his patients have im- 
proved, some more so than others. 
The usual dose was 15 grains (1 Gm.) 
of calcium lactate three times a day. 
Littlejohn (Lancet, May 15, 1909). 

In 29 cases of epilepsy lime had a 
pronounced effect in mitigating the 
seizures and reducing their number. 
The lime salts arc preferable to the 
bromides at times, the best results 
being obtained when a course of lime 
was alternated with the ordinary bro- 
mide treatment. From 2 to 3 Gm. 
(30 to 45 grains) of calcium hypo- 
phosphate in fractional dose were 
given daily. The patients were all 
chronio epileptics, although the affec- 
tion was of traumatic origin in some 
and associated with infantile spastic 
paralysis in others; the majority, 
however, were of the idiopathic 
variety. F. Ciccarelli (Policlinico, 
Feb. 7, 1909). 

The official syrup of calcium lacto- 
phosphate, used in doses of from 1 to 
2 drams (4 to 8 Gm.) 3 times a day, 
promotes sleep, decreases nervous 
irritability, and acts in some measure 
asi an antidote to bromine acne. 
Bryant (Boston Med. and Surg. Jour., 
Oct. 7, 1915). 

Crotalin, or rattlesnake venom, has 
recently been introduced, but without 
careful animal experimentation to de- 
termine its immediate or remote ef- 
fects. The danger of anaphylaxis, 
pending such analytical work, renders 


the use of this extremely toxic agent 
somewhat hazardous. 

Series of 36 cases, between the ages 
of 5 and 62 years, were treated with 
crotalin. All were average cases. 
That form of the disease most influ- 
enced by the venom solution was the 
idiopathic or genuine epilepsy. The 
improvement in the mental condition 
of the patients was marked, while 
the frequency of epileptic attacks was 
greatly diminished. In regard to the 
dose, the writer recommends starting 
with grain (0.0003 Gm.) and 

gradually increasing the strength ac-, 
cording to the individual case. Pa- 
tients vary greatly as to the swelling, 
erythema, and cellulitis produced l)y 
injection of the venom solution. The 
effect often varies, even in the same 
individual, Vioo grain (0.0(X)6 Gm.) 
sometimes causing more severe local 
reaction than Y^jo grain (0.001 Gm.). 
R. H. Spangler (N. Y. Med. Jour., 
Sept, 9, 1911). 

The treatment of epilepsy with 
crotalin^ f.c., the sterile, dilute virus 
of the rattlesnake. Crotalus adaman- 
tens, was tried by the writer with very 
satisfactory results, although the 
time elapsed does not warrant a final 
judgment upon its value. Fachen- 
heim (Miinch, med. Woch., Aug. 29, 
1911). 

The writer had a fatality from the 
use of crotalin. This shows that a 
sterile solution cannot be assured. 

Welch and Ewing already in 1896 
showed that rattlesnake venom de- 
stroys the bactericidal properties of 
the blood. The laboratory findings 
in the case reported left no reason- 
able doubt that the death was due 
to the presence in the crotalin solu- 
tion of pathogenic bacteria. J. F. 
Anderson (Jour. Amer. Med. Assoc., 
Mar. 21, 1914). 

SURGICAL TREATMENT.— In- 
tracranial surgery is limited to those 
cases recognizable positively as de- 
pendent upon an organic lesion of 
limited extent and surgically acces- 
sible, the location of the explosive 
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focus being determinabk^ at least ap- 
proximately from the symptoms. 

A scries of 56 personal operations 
showed that it was justiTiable: (a) 
In traumatic epilepsy with external 
evidence of injury; (b) do., without 
evidence of injury when nature of 
attacks or symptoms immediately 
following injury indicates seat of 
lesion; (r) in Jacksonian epilepsy; 
(d) in general epilepsy where sug- 
gestion of a focal lesion may be 
found before or after attacks in some 
disturbance of motion, sensation, or 
reflexes. Gratifying results may be 
anticipated after operation in 10 to 
25 per cent, of cases. b’ra/ier 
(Therap. Gaz., March, 1912). 

To the above class of cases may dc 
added that small number included in 
the etiological variety known as rellex 
epilejisies. In organic epile])sies the 
results of surgical treatment depend 
upon the accuracy and promptness 
of diagnosis, including localization 
chiefly, and secondarily uj)on the 
promptness with which surgical inter- 
ference is adopted, and the personal 
skill and surgical judgment of the 
operator. Shock and hemorrhage arc 
practically the only immediate sources 
of danger, asepsis having eliminated 
other surgical complications. Doth 
shock and hemorrhage are avoidable 
or can at least be reduced to a mini- 
mum which docs not endanger life. 
Wyeth’s method of accomplishing 
this result in intracranial operations 
by dividing the operation of entrance 
into two or more surgical scaitccs upon 
succeeding days is eminently satis- 
factory. So safe, indeed, is this 
method as to have rendered perfectly 
legitimate surgical entrance of the 
skull for purely exploratory purposes. 

Surgical treatment of epilepsy is in- 
dicated in cases which prove intract- 
able to general medical and hygienic 


treatment, and these, unless tlic dis- 
ease be somehow arrested, will ^non 
terminate in imbecility and death. 
In such ca.ses tbe affected motor area 
is covered l>y ni(»re or le.ss edema of 
the pia-araebnoid and this edema 
proba]»ly so affeets tbe cells of the 
cortex as to ])redispose to or cause 
the epilepsy and imbecility. We can, 
by the ojieration i)f fenestration of 
the dura mater, drain these edematous 
areas and prevent reacciimulations. 
Ry the operation the progress of the 
disease has always been retarded in 
the 20 cases operated, while in sev- 
eral the fits ceased Alexander (Lan- 
cet, Sept 30. 1911 ). 

During the last ten years the writer 
has operated uiion lOf) cases of 
genuine generalized epilepsy after 
the method of Koclier, and investi- 
gation of all these cases has only re- 
cently lieen earned out. ( )f 5S cases 
on which operation was done npw'ard 
of five years. H have been eonuiletely 
cured, 15 have been decidedly bene- 
fited, while 33 have not been bene- 
fited, Ito (l)eut Zeitscli. f. Ghir., Hd. 
evx, IL 5-6. 19121 

The tcchni(itte of the operative pro- 
cedure varies with each case appro- 
priate for operation, as well as in 
accordance witli tlic surgical peculiar- 
ities of the operator. There is a 
growing ])essimism representing the 
return swing of the optimistic pendu- 
lum of ten years ago with regard to 
the value in results of surgical treat- 
ment for organic epilepsy. Von Berg- 
niann and McCosh, among lecent 
writers, unite in a demand for greater 
conservatism. Mason, quoted by 
Gray, tabulates 44 cases treated sur- 
gically, with 2 recoveries, or al)out 
43 ^ per cent. This table is capable 
of another interpretation, however, 
which is decidedly more favorable 
from the fact that, in more than half 
the cases in which the time of obser- 
vation after operation is said to have 
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been ^‘insufficient to confirm the claim 
of cure,’’ further lapse of time may 
serve to establish the claim at least 
in some of these cases. 

Exploratory trephining is advised 
in traumatic epilepsy. In 11 cases 
operated by the writer — 4 of idio- 
pathic and 7 of surgical epilepsy, — 
cysts were found in 2 instances, 
cicatrices in 4, and edema of the pia 
in all. Improvement resulted in all 
the cases from removal of edematous 
fluid. The epileptic attacks returned 
in 4 cases. Tilmann (Munch, med. 
Woch., Nu. 32, 1909). 

In the past there has been much 
ill-advised and indiscriminate opera- 
tive intervention in the epilepsies, and 
some of the cases, viewed either from 
the purely surgical point of view or 
from the standpoint of the epileptol- 
ogist, arc sad commentaries on the ill- 
judged activity of the surgeon. The 
writer reports 19 cases in which some 
surgical intervention was undertaken 
on the head and which afterward 
came to autopsy. In some cases, the 
scar-tissue formation had been the evi- 
dent cause of continued irritation and 
in others there was cerebral destruc- 
tion which was sufficient to cause the 
attack, but in others there was appar- 
ently both a successful operation and 
an absence of lesion. The reason for 
this ill success is that there was a 
decided neuropathic taint in many of 
the family histories, which the opera- 
tion does not remove. Again, some 
patients who desire operation have 
alcoholism or venereal excesses as 
part of their etiological equation. 
There again the knife is handicapped. 
In some of the traumatic cases the 
trauma is not the cause but is the 
result, of the first seizure, and there- 
fore the operation fails to remove the 
original cause. Munson (N. Y. State 
Jour, of Med., Nov., 1912). 

Of the total number of 3502 pa- 
tients admitted to the Craig Colony 
for Epileptics, 48 had been trephined 
either before admission or during 
their treatment at the Colony. In a 
few of these the operation had been 


repeated. Naturally none of the pa- 
tients operated on at the Craig Col- 
ony had been trephined immediately 
after a trauma or the onset of the epi- 
lepsy, as they were all confirmed 
epileptics at the time of admission. 
The results of operation on these pa- 
tients cannot be compared with those 
obtained by operation immediately 
after the trauma or in the early stages 
of the epilepsy. None of the patients 
trephined at the Colony have been per- 
manently relieved from the attacks, 
although most of them were benefited, 
at least temporarily, by the operation. 
In several cases in which operation 
was done before admission, the condi- 
tion of the patient had been made 
worse by the operation. Sharp (N. Y. 
State Jour, of Med., Nov., 1912). 

The writer lays stress on focal in- 
fection, particularly in the intestinal 
tract, as the cause of epilepsy, and 
states that constipation is the most 
constant associated symptom. Vis- 
ceral displacements, developed before 
the convulsions, exist in all cases. In- 
testinal infection is generally primary, 
but may be secondary to infection of 
the teeth, tonsils, or accessory sinuses. 
Removal of all foci of infection results 
in cure in patients in whom delay be- 
fore operation has not resulted in 
secondary degenerative changes. C. 
A. L. Reed (Ky. Med. Jour., Sept., 
1922). 

A boy of 15 years had suffered from 
seizures beginning with peculiar sen- 
sations in the left lower jaw. The 
writers found an unerupted and im- 
pacted lower molar on each side, re- 
moval of which was followed by ces- 
sation of the seizures. W. G. and F. 
H. McCauley (Dental Cosmos, Jan., 
1922). 

Almost all cases of epilepsy which 
come within the etiological subtype 
“reflex” demand surgical measures of 
relief, the removal of the peripheral 
cause requiring, in most instances, 
the knife. Phimosis, cervical stenosis, 
carious teeth, nerve-cicatrices, dis- 
eases of the bones, eye-strain, and 
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ovarian disease are all conditions for 
which the knife or other sur<::^ical or 
mechanical agents are indicated. 

In all cases of epilepsy, when such 
conditions or 3,nf one of them exist, 
either coincidently, alone, or as the 
presumable cause, they should be a])- 
propriately relieved. It will not al- 
ways, nor indeed often, cure epilepsy; 
but such conditions undoubtedly ag- 
gravate the epileptic tendency, and 
should be eliminated. I have never 
yet seen a case of epilepsy cured or 
even benefited permanently by opera- 
tions upon the eye-muscles or by re- 
moval of the ovaries, and I have seen 
scores of patients ui)oii whom such 
operations have been done. 

Such operations should be done, 
though with discrimination and al- 
ways with the frank acknowledg- 
ment to the patient of the uncertainty 
of results. 

In a case in a woman of 42, the 
writer witnessed recovery under arsenic 
and X-ray treatment. lie ascribes 
the benefit to an influence on the endo- 
crin functions. lie also observed 
several cases of epilepsy connected 
with menstruation which were success- 
fully treated with the X-rays. M. 
Fraenkel (Zent. f. Gyii., Sept. 13, 1924). 

William Broaddus Pritctiard, 

New York. 

EPISTAXIS DEFINITION. — 

Epistaxis is nasal hemorrhage, or 
bleeding from the interior of the nose. 
While the great majority of cases 
have their origin from some spot situ- 
ated in the anterior part of the sep- 
tum, the bleeding may take place from 
any portion of the mucous membrane. 

The arterial supply of the interior of the 
nose is derived from the ophthalmic and the 
internal maxillary branches of the internal 
carotid artery, and from the superior coro- 
nary artery, which is a remote twig of the 


external carotid. The ophthalmic artery 
divides into numerous branches, the anterior 
ethmoid accompanying ilu* nasal nerve 
through the anterior ethmoid foramen and 
supplying the anterior ethmoid cells and 
frontal sinus, and also gives off other nasal 
branches, which are distributed similarly to 
those deri\ed from the posterior ethnnnd 
arte^ 3 ^ The posterior ethmoid has it origin 
just as the ophthalmic artery approaches 
the inner wall of the orbit. It passes through 
the posterior foramen in the ethmoid bone, 
supplying the posterior ethmoid cells and 
giving off nasal branches which descend 
through the cribriform plate and spread 
over the upper and outer wall of the nose. 

The internal maxillary gives otT the naso- 
palatine, the infraorbital, and the alveolar 
arteries. The nasopalatine is the most im- 
portant of these l)ranches; it enters the 
nasal fossa at the posterior portion of the 
superior meatus, and divides into an internal 
and an external branch, the former passing 
oblifiuely downward and forward, supplying 
the mucous membrane covering the septum, 
and finally anastomosing with the descending 
palatine artery. The blood-supply to the 
nose proper from the infraorbital and the 
alveolar arteries is rather meager and per- 
tains especially to the maxillary antrum. 

The inferior artery of the .septum is a 
branch of the superior coronary, and supplies 
the anterior portion of the septum; hence it 
is frequently held responsible for many cases 
of epistaxis from the so-called “hemorrhagic 
area” of the nose, or Kessel bach’s sj^ot, 
situated on the septum near the tip. 

ETIOLOGY. — 1. Traumatism . — 
One of the most frequent causes of 
bleeding from the nose is injury of 
some sort. A blow upon this organ 
produces a rupture of the smaller 
blood-vessels in the mucous mem- 
brane and permits a free flow of blood 
until checked. This may also result 
from violently blowing the nose. The 
pernicious habit of ])i eking the nose is 
not infrequently the causative factor. 
Foreign bodies inhaled with the at- 
mosphere and impinging against the 
vascular area, more directly exposed 
to such injury by an anterior devia- 
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tion of the septum, or their insertion 
by the patient, frequently predispose 
to hcmorrhaj^c. Postoperative bleed- 
ing- is usually mild in degree and is 
seldom difficult tn control. Bleeding 
from the nasal cavities following trau- 
matism is particularly significant if 
fracture of the perpendicular plate of 
the ethmoid is determined, for this 
bone is usually involved in fractures 
of the anterior fossa of the vSkull. In 
such cases injury to the ophthalmic 
artery or its branches takes place. 

2. Diseases , — Several diseases of a 
local nature may be responsible for 
bleeding from the n(^se. A catarrhal 
inflammation ])roduces a chronic hy- 
peremia of the mucous membrane, 
and the increased blood-supply result- 
ing therefrom contributes to epistaxis. 
The veins in the anterior portion of 
the septum may be varicosed, or the 
effort to remove scabs, especially in 
atrophic rhinitis, may produce the 
same result. Adenoids in children, or 
a septal ulcer in a patient more ad- 
vanced in years, is sometimes the con- 
tributing agency, (^ne of the diag- 
nostic signs of malignancy of the 
nasal chambers is the tendency for the 
tumor to bleed ; however, some of the 
new growths of a benign nature may 
produce the same symptom, as has 
been noted in cases of nasal polypi. 
In the malignant growths especially, 
the hemorrhage takes place as the re- 
sult of pressure necrosis or the active 
breaking-down process due to rapid 
development. 

Many cases of nasal hemorrhage 
have occurred which have been traced 
directly to some constitutional dis- 
turbance. When the bleeding is from 
an apparently healthy nose some in- 
ternal organ is probably at fault, in 
which case it may be stated that the 


blood comes through the nose, but 
not from it. It is not unusual to find 
this condition in many of the acute 
infections, as measles, scarlet fever, 
diphtheria, whooping-cough, cerebro- 
spinal meningitis, pneumonia, influ- 
enza, erysipelas, and small-pox, but it 
is especially noted in typhoid fever. 
In various cases of circulatory dis- 
turbance where the patient is beyond 
middle life, and there is an associated 
increase of blood-pressure, a passive 
congestion of the mucous membrane 
is invariably produced which predis- 
poses to bleeding, especially from the 
vascular area' in the anterior portion 
of the septum. Such cases are par- 
ticularly noted in mitral and tricuspid 
stenosis, aortic insufficiency, disease 
of the coronary arteries, aneurism, 
cirrhosis of Die liver, chronic inter- 
stitial nephritis, and arteriosclerosis, 
resulting in a])oplexy or endarteritis 
obliterans. 

When epistaxis recurs in elderly in- 
dividuals it is in most instances a 
symptom of contracted kidney or of 
arteriosclerosis, and should not be 
passed over lightly. The writer cites 
ca.ses in which this warning epistaxis, 
treated by tamponing without regard 
to the underlying trouble, has oc- 
curred a few weeks before apoplexy. 
JIummel (Fortscliritte dcr Med., Feb. 
10 , 1908 ). 

Epistaxis in old age is due to one 
of the following conditions: — 

Arteriosclerosis; it may be profuse 
and frequent, capable in either re- 
spect of causing death — happily most 
exceptionally — it occurs in sclerosis, 
preferably during cold weather, sud- 
den changes of temperature, fits of 
coughing, and after severe or pro- 
longed effort and hearty meals. 

Bright's disease causes epistaxis in 
three ways, by the arteriosclerosis set 
tip, the hypertension accompanying 
it, and the autointoxication giving 
rise to it. 
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Different affections of the Uver-- 
hepatic congestion, atrophic and hy- 
pertrophic cirrhosis, malignant or 
simple jaundice, cancer of the liver — 
bring about cpistaxis by the sclerosis 
and by the dyscrasia often associated. 

Malarial disease, chiefly in the cachec- 
tic stage, and .diabetes, in all its 
phases, obtain their tendency to 
bleeding fn)m the nose, partly from 
the sclerosis which they set up and in 
part from the alteration caused in 
the blood. 

Heart disease has an influence upon 
the etiology of cpistaxis. Aortic 
lesions act by means of the vascular 
changes and the hypertension; mitral 
and tricuspid aflfcctions produce it by 
the mechanism of stasis, which fol- 
lows upon the earliest appearance of 
hyposystole. 

Cerebral congestion, often the preltidc 
to cerebral hemorrhage, shows itself, 
and can sometimes be estimated by 
the amount, more or less profuse, of 
the bleeding. A sudden stoppage of 
the hemorrhoidal funclion, for ex- 
ample, in arthritis, gives rise to at- 
tacks of “supplementary’^ cpistaxis, 
such as by an analogous mechanism 
are also met with during the meno- 
pause. 

Hemophilia, relatively uncommon in 
old people, comprehends cpistaxis 
among the changes of its dyscrasia. 

Lastly, apart from all causes gen- 
eral or, at all events, distant from the 
nasal fossa, place must be found for 
local causes, the chief of which in old 
age are epithelioma, sarcoma, polypi, 
syphilitic ulcers, and varices of the mu- 
cous membrane, sometimes amount- 
ing to the formation of capillary 
aneurisms. Ranzier (Traite des mal- 
adies des vieillards; Practitioner, 
June, 1910). 

Diseases of the lungs, such as 
chronic bronchitis, emphysema, pleu- 
risy with effusion, empyema, and 
tumors pressing on the lungs, may be 
predisposing factors. Hemophiliacs 
have long caused phy.sicians much 
anxiety because of their tendency to 
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bleed, often on the least provocation, 
and of the difficulty frctjiiently en- 
countered to readily check the licmor- 
rhage. Purjiura, scurvy, and the 
secondary anemias sometimes add 
much to the danger of the patient, and 
the discomhu-t of the medical attend- 
ant, by the easy manner in which 
hemorrhage takes ])lace. Vicarious 
menstruation has manifested itself by 
the esca])e of ])lood from the nose at 
the time of tlic menstrual period. 

Notwithstanding the fact tliat a 
Yig(»rous effort is usually made to 
check bleeding frc>m the nasal cavities, 
one must not lose sight of the fact 
that such a condition may really be 
nature’s safety-valve, as in cases of 
arteriosclerosis witli increased blood- 
pressure; or that it may 1)C the warn- 
ing signal of the existence of cerebral 
hemorrhage, embolism, or thromlxxsis. 

d’hat cases are .sometimes greatly 
benefited by tlic free How of l>lood 
from the nose was evident in the re- 
port of 12 cases of cerebros])inal men- 
ingitis rei)oiTed by Hays (New York 
Medical Journal, September 24, DIO, 
p. 605). In 4 of these cases cpistaxis 
occurred, followed by a drop in tem- 
perature and the ultimate recovery of 
the patients. Of tlie remaining 8 
cases, 3 succumbed to the disease. 

The various changes which take 
place in the tissues in tuberculosis and 
syphilis not infrequently manifest 
themselves in the structures of the 
nose, and may sometimes result in 
nasal hemorrhage. Few of the drugs 
have been held responsible as being 
offenders, but distinct evidence has 
been produced against phosphorus, 
chloralamide, quinine, and the sali- 
cylic compounds. 

Age, sex, and environment seem to 
be more or less significant in cases of 
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epistaxis. The common period for 
the more frequent occurrence of this 
condition is from about the second or 
third year to puberty. As a rule, the 
adult is singularly free, but the tend- 
ency for a recurrence may manifest 
itself again in old age. Altered atmos- 
pheric pressure, as in balloon ascen- 
sions, mountain climbing, and diving, 
or even the extremes of temperature, 
may have a decided influence. 

In some cases no demonstrable 
cause can be determined, and these 
are classified as (3) Idiopathic. 

Just why bleeding should take place 
under these various constitutional 
conditions may be due (1) to altera- 
tions in the constituents of the blood; 
(2) to some disease within the blood- 
vessel walls ; (3) to some obstruction 
to the circulation causing a strain of 
the whole system, and the nose suf- 
fering first because the vessels are 
superficial and in places the veins are 
enlarged to cavernous sinuses; (4) 
to the fact that the blood may be a 
vicarious discharge, or may be caused 
by the lowered resistance of the tis- 
sues to various chemical and bacterial 
toxins, or to a pathological change 
within the mucosa as the result of a 
local infection, but caused by a gen- 
eral disease. There is a possibility 
that the toxins produced in diphtheria 
may act upon the terminal nerve- 
fibers within the blood-vessel walls, 
producing a paresis of the walls, 
localized engorgement, and conse- 
quent rupture of the nasal mucosa at 
the weakest spot. In some cases of 
infection, however, it seems evident 
that the hemorrhage is due to the 
diminished resistance of the patient 
on account of the toxemia. 

DIAGNOSIS. — In the great major- 
ity of the cases the direct cause for 


the nasal hemorrhage can be readily 
determined, but occasionally a case is 
encountered in which the evidence is 
quite obscure. The various infections 
and constitutional diseases will in- 
variably give their associated symp- 
toms. In the cases of hemorrhage as 
the result of high arterial tension, (1) 
the bleeding starts rather suddenly; 
(2) is usually profuse, often lasting 
for hours and frequently recurring at 
intervals of a few days until the blood- 
pressure is lowered; (3) the local 
treatment is seldom efficacious, and 
the usual styptics, cauterants, and 
packing prove to be of little or no 
avail unless measures of a general 
nature arc instituted to reduce the 
tension. With the reduction of the 
excessive arterial pressure the hemor- 
rhage ceases. In plethoric persons 
the bleeding may be preceded by 
headache; or in those persons prone 
to repeated attacks it may be pro- 
duced by simply blowing the nose, 
sneezing, or introduction of the fin- 
ger; or it may be spontaneous, even 
during sleep. 

TREATMENT. — In the treatment 
of cpivStaxis there are several factors 
to be considered. As a rule, in the 
great majority of cases simple meth- 
ods are readily efficacious ; but if 
bleeding persists in spite of their ap- 
plication, search must be made for 
some constitutional cause. For in- 
stance, in cases of arteriosclerosis the 
blood-vessel walls arc thickened and 
frequently contain deposits of lime 
salts, making it impossible for the 
necessary collapse to take place. At 
the same time the continuous stream 
passing over the ruptured spot usually 
does so with such force as to prevent 
any appreciable coagulation taking 
place. 
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Various remedies have been used in 
nasal bleeding, with more or less suc- 
cess in certain cases. A preparation 
of cocaine, gr. v (0.3 Gm.) ; adrenalin, 
nixx (1.25 c.c.) ; aqua, f^ss (15 c.c.) — 
sprayed into the nose — will invariably 
prove successful in the majority of 
the milder cases. However, one may 
resort to the insufflation of finely 
powdered alum or tannic acid, or the 
use of an 8 to 10 per cent, solution of 
the same drugs. 

When it is difficult to locate the 
precise source of hemorrhage, an ap- 
plication of adrenalin to the anterior 
portion of the septuml will blanch the 
whole mucosa except lilecding spots. 
These stand out clearly against the 
pale surface as red, circular areas. 
Cauterization of these spots with 90 
per cent, trichloracetic acid soon ar- 
rests the bleeding W. T.apat (Jour. 
Amer. Med. Assoc., Oct. 14, 1916). 

Solutions of zinc sulphate, lead ace- 
tate, or copper sulphate, gr. xxx to 
f®j (2 to 30 Gm.), may be applied by 
syringe or pledgets; while collodium 
or a 10 per cent, gelatin solution may 
be smeared over the bleeding surface 
with a soft swab. Occasionally it is 
necessary to apply to tlic bleeding 
spot a solution of silver nitrate, gr. lx 
(4 to 30 Gm.) ; a crystal of 
chromic acid fused into a bead on the 
end of an applicator, or even the act- 
ual cautery; but in resorting to any 
of these cauterants, one must guard 
against the marked destruction of tis- 
sue that may occur, and must aim as 
much as possible toward regeneration. 
When the bleeding is so profuse as to 
make it impossible to locate the area 
from which it is coming, douching of 
the nose with hydrogen peroxide, fol- 
lowed by a solution of boric acid, and 
then packing will frequently give 
gratifying results. In using the per- 


oxide, however, the possibiliiy of in- 
fecting the accessory sinuses must be 
remembered. Tlenetit is sometimes 
derived from using a hot douche of 
phenol, nj to Oj (4 to 500 c.c.) at a 
temperature of 105'' P) 130" 1". (40.5° 
to 54.4° C. ). A solution of alum, 
3ij to Oj (8 Gm. to 30 c.c.), may he 
substituted with satisfactory results. 

If necessary to apply pressure to 
the bleeding surface, it can readily be 
done with cotton or gauze, with or 
without one of the astringent solu- 
tions. Various preparations have 
been suggested for the impregnation 
of the gauze. A paste made Iw add- 
ing powdered tannin to a 20 per 
cent, solution of antipyrin has been 
used. Beck’s bismuth paste has re- 
cently been advocated. Powdered 
potassium permanganate and vaselin 
ap])ear to hn^^e adherents, while oj of 
iodoform to f'j of compound tincture 
of benzoin has been used to advan- 
tage. If the gauze packing is soaked 
in sterile liquid albolene, and the pa- 
tient given the same preparation and 
a dropper, and instructed to make fre- 
quent ai)])lications while in the re- 
cuml)cnl position, it encourages lical- 
ing and makes possil)le the easy re- 
moval of the gauze in twenty-four to 
thirty-six hours. The nasal chambers 
have also been packed with gauze 
soaked in carbolized gelatin solution. 
Bernay-Simpson tampons have been 
found extremely useful, especially if 
the bleeding is situated in the ante- 
rior portion of the septum. Cassel- 
berry suggests the insertion into the 
nose of a well-lubricated, clubbed- 
end, rubber finger-cot, and filling it 
with a yard or more of a 1^4 “inch 
gauze. 

A tampon is used by the writer, 
composed of compressed cotton modi- 
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fied from Simpson’s tampon, three 
inches long by one-half inch wide by 
onc-sixtecnth thick, wrapped as in a 
cigarette with gutta-percha tissue, 
the free edge being gummed down 
by some sterile ointment except at 
the ends. These smooth-surfaced 
tampons are easily and usually pain- 
lessly removed; they are deemed safer 
and much better than trusting to 
h)cal medicinal applications in cases 
of postoperative hemorrhage. Sterile 
water or salt solution .should be 
dropped on the ends to cause the 
tampon to swell and fill the passage. 
Two can be used side by side in very 
wide fossa and they can readily be 
narrowed by clipping. M. D. Steven- 
son (Jour. Amer. Mod. Assoc., June 
4, 191*0). 

The inflated Rose bag may be u.sed, 
but in severe cases it will not 
give sufficient pressure to check 
the hemorrhage. Tloyd (Australasian 
Medical Gazette, January 20, 1910, p. 
26) has used a 5- or 6- inch square of 
finely starched linen, and in.scrtcd it 
into the nose to the nasopharynx with 
a pair of forceps or a penholder, and 
filled it with cotton soaked in any 
styptic; even vinegar may he used to 
advantage. Porcher(New York Medi- 
cal Journal, 1909, xc, p. 331) clamps 
both nostrils with a clothes])in or a 
stiff, bent hairpin, in order to allow 
the clot to form. 

The author has frequently had suc- 
cess with the following procedure, 
originally suggested by Nacgli: The 
patient sits upright in a chair, and 
the operator, standing behind him, 
places the index fingers of both hands 
beneath the body of the lower jaw 
on each side, while the thumbs rest 
behind the angles. Gentle traction is 
then made upward upon the head, 
which is simultaneously extended 
backward as far as the patient can 
comfortably bear, thus putting the 
muscles of the neck on the stretch. 
An artificial anemia is thus set up in 


the vessels of the head and also in 
the smaller vessels of the nasal mu- 
cous membrane, causing the epistaxis 
to cease. The procedure should not 
he continued longer than from one to 
two minutes, or a partial or complete 
loss of consciousness may result. 
Ritschl (Mimch. mcd. Woch., Oct. 22, 
1912). 

On rare occasion.s it is necessary to 
insert a gauze plug into the naso- 
pharynx. This is he.st done by pass- 
ing a ruhl)cr catlieter through the 
bleeding nostril to the postnasal space, 
pulling it forward in the month with a 
pair of forceps, fastening a piece of 
tape of at least a foot or more in 
length, with a gauze plug tied in the 
middle, and pulling the catheter hack 
through the nose, at the same time 
guiding the plug with the index fin- 
ger as it enters the nasopharynx. 
The nasal tape is pulled taut and tied 
firmly to a plug at the anterior narcs. 
The end of the tape emerging from 
the mouth, to he used in removing the 
plug, is fas.tcned loosely to the ear. 

Apoplexy may result from plug- 
ging in epistaxis. A mim])er of cases 
reported in which this has been the 
result, especially in the aged. In one 
case plugging with pcrchloride of 
iron produced erysipelas with very 
grave symptoms. Nasal hemorrhage 
ot)eniug the vessels of the nasal mu- 
cous membrane lowers the threatened 
arterial hypertension, frequently re- 
lieving the vessels of the brain and 
conducing to the safety of the pa- 
tient. 

The treatment should not be begun 
by plugging the anterior and posterior 
orifices. In young persons with 
healthy arteries this might l)e per- 
missible, but plugging the nasal fossa 
in aged persons is dangerous. Per- 
chloride of iron should never be used. 
Simple methods should be tried first, 
as pinching the nose, elevation of the 
arms, cold water, key down the back, 
etc. Afterward small plugs steeped 
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in a solution, of antipyrin may be ap- 
plied through the anterior nares, or 
the nasal passages may be irrigated 
with hot water. These methods will 
moderate the hemorrhage. Diy cup- 
ping in the lumbar region, purgatives, 
mustard footbaths, apiilications ot 
hot water to the abdomen should all 
be resorted to before plugging. Lan- 
douzy (Medical Press, July 1, 1903). 

The writer injected hypodermically 
Yz grain (0.03 Gm.) emetine hydro- 
chloride, and in 20 minutes the 
hemorrhage ceased entirely T‘rcstley 
(N. Y. Med. Jour., May 2, 1914). 

If tampons are at all resorted to, 
their long- retention within the nose 
should be avoided, to eliminate the 
])ossibility of infection of the acces- 
sory sinuses; and, wlicn inserted, 
should always be preceded by insunia- 
t-ion of powdered bismuth subnitrate, 
to avoid decomposition of the secre- 
tions. 

The use of Bellocq’s cannula should 
l)c reservctl as last resort, as the in- 
strument is very likely to cause in- 
jury, with secondary inllamniation. 
The ear.s must be very carefully 
watched, and with the first signs of 
reddening of the drum membrane the 
I)acking must be removed. Thus the 
writer has seen several cases of otitis 
media with iiiast(^iditis, and also em- 
pyema of the antrum, after the use 
of Beiloeq’s cannula. O. Mayer 
(Miineh. mod. Wocli., Nu. 43, 1909). 

It is frequently questionable as to 
whether the internal administration of 
medicines is of any benefit. Hypo- 
dermic injections of morphine have 
been advocated, and seem to work to 
advantage in keeping the patient 
quiet, even if not exerting a hemo- 
static action. Tn case of Ideeders, 
when the arterial pressure is low, 
large doses of strychnine nitrate 
sometimes appear highly beneficial. 
Resort may abso be had to the inter- 
nal administratiou of powdered opium, 


gr. j (0.06 (im.), with lead acetate, 
gr. ss (0.03 dm.), repeated hourly for 
three doses, which shows a lendenev 
to coagulate the blood. If the hlood- 
jiressiire is normal, the administra- 
tion of adrenalin chloride, gtt. v (0.3 
c.c.) in water — every fifteen minutes 
— may work to advantage. d"cn drojis 
of a 1:2000 solution have been in- 
jeeted into llie iqiper lip, on the side 
eorresponding with the bleeding, and 
brilliant results have been reported. 
The internal administration of gela- 
tin and the calcium salts is of doubt- 
ful benefit. Instances have been re- 
ported in which serum has proven 
lieneficial, even diphtheria antitoxin 
being resorted to in an emergency. 
Atropine hypodermically is also ef- 
fective. 

Ill recurrent epistaxi.s tlie cause 
.should 1)e .sought. TIk diet should 
])e suiiervised, constipation corrected 
and all forcible movtunenls avoided. 
The l)est ilrng to use i^ digitalis, usu- 
ally in form of the titrated infusion. 
As a rule 0.7 to O.X (im. (11 to 121^ 
grains) of digitalis given during two 
or three days is all that is necessary. 
Among S4 cases treated in this way, 
a recurrence of the hemorrhage was 
seen in only 2, where there was a 
tendency to hemophilia. The author 
believes that this excellent effect of 
digitalis is not due to any specific 
action, but that the drug merely over- 
comes the venous stasis and distrib- 
utes the blood better over the body. 
J'oeke (Therap. d. (iegenwart, Sept., 
1910). 

Besides the well-known position 
with ice upon the nape of the neck, 
he advises internally 40 Gm. (1% 
ounces) of 10 per cent, gelatin (calf’s 
foot), which also can be given intra- 
muscularly; furthermore, internally, 
1 tablcspoonful in milk, to be given 
every half-hour of the following: 
Calcium chloride, 4 Gm. (1 dram); 
.syrup of mint, 50 Gm. (1% ounces); 
water, up to 250 Gm. (8 ounces). A 
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hypodermic injection of a rather 
strong dose of morphine has often 
good effects. Instead of morphine, 
sodium chloride up to 20 or 30 Gm. 
(% to 1 ounce) may also he given, and 
sodium bromide up to 15 or 20 Gm. 
{yi to % ounce). Kobrak (Med. 
Klinik, June 2, 1912), 

Submucous resection advocated in 
habitual nosebleed and with a perforat- 
ing ulcer of the septum. (iallusser 
(Schweizer med. Woch., Mar. 20, 1926). 

The patient should receive suppor- 
tive treatment and careful nursing 
until health and strength arc restored. 

Rufus B. Scarlett 

AND 

Central Staff, 

Philadelphia. 

ERGOT, — Ergot is a blight, the 
sclerotium of a parasitic fungus 
(Claviceps purpurea) which attacks 
and finally supplants the grain in the 
common rye (the Sccale ccrealc). It 
is popularly known as ‘'spurred rye/' 
or “cockspur.’’ It presents itself in 
grains of a slightly curved, fusiform 
shape, wliich are brittle, yet moder- 
ately flexible. Externally, it has a 
purplish-black color with longitudinal 
furrows on each side. It should be 
moderately dried, and should not be 
exposed to a damp atmosphere. It 
has a disagreeable, fishy odor, and a 
somewhat bitter, acrid taste. 

Ergot is a complex substance con- 
taining a number of active principles, 
the most important of which are: 
crgotoxinCy an alkaloid which is both 
a vasoconstrictor and stimulant of the 
uterus ; parahydroxyphenylcthylaminc, 
or tyraminc, a feebly basic epinephrin- 
like, strongly vasoconstrictor sub- 
stance ; bctaiminazolylcthylaminc, or 
histamine {crgaminc), even in great 
dilution, a powerful contractor of the 
uterus ; isoamylamine, also a vasocon- 


strictor, but occurring in too small a 
proportion in ergot to influence ma- 
terially its action. 

Ergotoxine is a highly active alka- 
loid, having the properties of ergot 
most desired in medicine. It brings 
about a long-enduring contraction of 
the walls of the arterioles, and in- 
creases the movements of the uterus. 
Its action is feeble when given by the 
mouth, but it is more marked in sub- 
cutaneous injections, and much more 
so when given intravenously. The 
last-named method is recommended 
in cases where a rapid and certain 
action is desired, either in shock or 
in post-partum hemorrhage. W. H. 
Cronyn and V. E. Henderson (Jour, 
of Pharmacol, and Exper. Tlierap., 
Aug., 1909). 

Ergotoxine acts more rapidly than 
the fluidextract and it can be given 
hypodermically. Ergotinine, how- 
ever, is inert and useless. J. Gordon 
Sharp (Proceed. Royal Soc. of Med., 
May, 1911). 

Recent work by various investi- 
gators, particularly Barger and Dale, 
has recently elucidated the composi- 
tion of ergot and shown that ecboline, 
sphacelmic acid, cornutine, sphacelo- 
toxin, and other familiar active prin- 
ciples so-called were mixtures of the 
above and other j)rinciples in an 
impure form. 

Number of tests of fluidextracts 
of ergot obtained from representa- 
tive manufacturers, with the result 
that only two out of eleven samples 
were found to be active. The writers 
point out the mistake of the general 
idea that fluidextract of ergot is a 
stable preparation; in point of fact it 
deteriorates very rapidly. Wood and 
Ilofer (Univ. of Penna. Med. Bull., 
Feb., 1909). 

Most galenical preparations of er- 
got contain considerable amounts of 
the active principles, but do not show 
any great or marked action when 
given by the mouth. The doses usu- 
ally recommended for these prepara- 
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tions are much too small. When in- 
jected intravenously a fall in blood- 
pressure always precedes the rise, ex- 
cept after the administration of ergo- 
toxine. Cronyn and Henderson (Jour, 
of Pharmacol, and Exper. Thcrap., 
Aug., 1909). 

Ergot and its alkaloids deteriorate 
rapidly on keeping, the fluidextract 
of ergot, for instance, losing on an 
average about 10 per cent. ])cr month. 
This may be avoided, however, l)y 
keeping it in vacuum ampoules. 

The ergot on the market varies 
greatly in its active jirinciple. t.c., in 
its power to cause unstriped muscle 
stimulation. A j)erfeclly t)repared 
fluidextract rapidly and continuously 
loses its activity and becomes worth- 
less. The crude drug also loses its 
activity on keeping. Therefore, all 
liquid preparations of ergot should 
be kept in small bottles, hermetically 
scaled, and even then the label should 
declare at what date it is manufac- 
tured, since, if a preparation is old, 
it is of but little value. Ordinary 
fluidextracts, even if not expensed to 
the air, will lose approximately 10 
per cent, of their strength per month. 
Wood and Hofer (Arch, of Intern. 
Med., Oct., 1910). 

The ergot alkaloid was found by the 
writer to paralyze selectively all the 
sympathetic nerve endings. The .same 
antagonism that exists betw’cen the 
action of pilocarpine and atropine for 
the parasympathetic nerve endings 
exists between adrenalin and the ergot 
alkaloid. E. Rothlin (Klin. med. 
Woch., July 23, 1925). 

PREPARATIONS AND DOSE. 

— Ergota, U. S. P. (ergot). Dobc, 30 
grains (2 Gm.). 

Fluid extr actum ergotee, U. S. P. 
(fluidextract of ergot). Dose, 30 
minims (2 c.c.). 

Extractiim ergotcc, U. S. P. IX (ex- 
tract of ergot), which is incompatible 
with astringents and met:illic salts in 
solution. Dose, 4 grains (0.25 Gm.). 
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l iniim crgotcc, U. S. P. VI 11 (wine 
of ergot). Dose, 2 fluidranis (8 c.c.). 

Hxtractum ergoiic aquosum, N. }'. 
(ergotin; a([iicous extract of ergot). 
Ergot is extracted with chloroform 
water, and the extract treated with 
alcohol and evai)orated to a ])ilular con- 
sistence. Dose, 3 grains (0.2 Gm.). 

Various other purified preparations 
of ergot, .such as coniutol, ergonr, asep- 
lie ergot, as well as the three chief 
active principles themselves (.see 
above) are on the market. Eniutinc 
is a mixture of these three principles. 

Subcutaneously. — Ponjean’s ergo- 
tine (Fr. Cod.) and Scpiihh’s ergotine 
are especially prepared for hypo- 
dermic use, 5 ])arts l)eing dissolved in 
7 parts each of glycerin and water and 
then filtered, 3 to 12 grains (0.2 to 0.8 
Gm. — representing 120 grains — 8 Gm. 
— of crude ergot) of the ergotine 
being the proper dose. 

Ammonia is said to he the best 
solvent for the active ]>rinciples of 
ergot, 2 parts of the former to 1 of 
the latter being used, and the dose 
being ()0 minims (4 c.c.). 

PHYSIOLOGICAL ACTION.— 
Applied locally to mucous membranes 
ergot acts as a somewhat irritating 
astringent and hemostatic. On the 
skin these effects are very slight if at 
all ajijireciable. 

Taken internally by the mouth 
ergot is absorbed with fair prompt- 
ness, its action becoming manifest in 
from fifteen to twenty minutes and 
lasting al)Out one hour. I nf ravenously, 
a moderate dose produces a marked 
rise of the Ifiood-pressure ; but if the 
dose he large, the rise is preceded by 
a fall of short duration. Very large 
doses or too frequently repeated doses 
may thus lower the blood-pressure 
below normal. 
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The changes in the blood-pressure 
are mainly cardiac. This is con- 
firmed by myocardiogranis from the 
intact and excised heart. Ergot 
causes first a lessening and then an 
increase of the excursions; both phe- 
nomena may occur while the ergot is 
being injected. The rate of the heart 
is but little altered. The effect oi 
ergot must be exerted directly on the 
cardiac muscle. There is some on- 
cornctric evidence that ergot has a 
slight vasoconstrictor action, but this 
is inconstant and inconsiderable. 
There was no evidence of strong con- 
striction or of a high rise of blood- 
pressure. 

The preliminary fall of blood-pres- 
sure is absent if the ergot is given 
by intramuscular injection. 

The action of ergot is independent 
of the dose, within wide limits. The 
relative predominance of the fall and 
rise differs somewhat in different er- 
got preparations; age, however, does 
not impair the efficiency of their 
action on the mammalian circulation. 
The effects are greatly diminished by 
lowering the blood-pressure, l)y any 
method. Shortly after the destruc- 
tion of the spinal cord, however, 
ergot produces a relatively good rise 
of pressure. 

Large doses of ergot depress the 
vagus center and the vasomotor end- 
ings. It is not acutely fatal, even in 
very large doses. Torald Sollman and 
E. D. Brown (Jour. Amer. Med. 
Assoc., July 22, 1905). 

In many species ergotoxin exerts a 
specific influence on the heat-regulat- 
ing center, disturbing the relation be- 
tween heat production and heat dissi- 
pation. In cats and in rabbits this in- 
duces a rise of body temperature; in 
rats, mice and pigeons it causes a fall. 
Githens (Jour, of Pharm. and Exper. 
Therap., Nov., 1917). 

Circulation. — The general effect of 
therapeutic dose is to constrict 
the peripheral blood-vessels, mainly 
through a direct action upon them 
and slightly by stimulating the vaso- 
motor center, and thus to cause a 


general rise of the blood-pressure. 
The heart is also stimulated by 
moderate doses, but depressed by 
large ones. Its rate is usually slowed 
through stimulation of the cardio- 
inhibitory center and tlie amplitude of 
the beats increased. These effects do 
not always occur, however, if the 
crude drug is used, since the hista- 
mine and certain other substances 
contained in it — choline, for instance 
— which tend to dilate the blood- 
vessels, may counteract the vasocon- 
strictor effect of the main active 
principles. 

P>got possesses the power to pro- 
duce gangrene of the extremities. 
This is well shown by its action on 
the comb and wattles of roosters. 
This was formerly attributed to spasm 
of the arterioles, hut is now believed 
to be due to the formation of emboli 
which obstruct the circulation. 

Uterus. — Ergot powerfully stimu- 
lates the uterus and produces contrac- 
tions through a local action on the 
motor endings of the hypogastric 
nerves, and also partly through exci- 
tation of the spinal “parturient’^ 
center. While small doses accelerate 
and strengthen uterine contractions 
large doses prolong the latter, finally 
converting them into tetanic spasms of 
long duration. As the various active 
principles in ergot possess a so dif- 
ferent action on the uterine vessels 
according as to whether the uterus is 
pregnant or not — parahydroxyphenyl- 
ethylamine, for instance — causing con- 
traction of the pregnant uterus and 
relaxation of the non-pregnant organ, 
the effect of a given preparation is apt 
to vary according to the relative quan- 
tity of each principle it happens to 
contain ; but inasmuch as the pregnant 
uterus is caused to contract more or 
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less by all the active principles, and 
the use of ergot in connection with 
this organ is mainly in parturition, 
this action alone need interest us. 

Ergot acts in labor in the follow- 
ing manner; {a) It collects the small 
irregular and non-effective i)ains into 
larger effective contractions, so that 
the labor is sooner ended and the 
uterus saved work, (b) It improves 
the tone of the muscle-fibers, whereby 
the uterus gains an advantage in 
that its musculature is ready at once 
to respond to further contraction, 
and thus neither time nor energy is 
spent in bringing the fdiers up to that 
point at which contraction begins, 
(c) By acting on the abdominal mus- 
cles and on the muscular sytem gen- 
erally, the tissues as a whole are im- 
proved in tone. This helps the 
uterus in its struggles. 

The foregoing may be called the 
immediate benefits, but there is often 
a more remote beneficial action, (d) 
The forcible contractions following 
the administration of ergot, by exiiel- 
ling uterine contents, such as after 
birth, membrane, or other foreign 
body, relieve the organ of its troubles 
and set it free to recover itself in the 
ordinary way of nature. J. Gordon 
Sharp (Proceed. Royal Soc. of Med. 
of London, May, 1911). 

Muscular System. — Through a 
specific action upon all the involun- 
tary muscular fibers, ergot tends to 
stimulate the myocardium, the gastric 
and intestinal muscular coat, the blad- 
der, the j)upil, and all other structures 
provided with this class of fibers. 
Ergot thus tends to favor cardiac con- 
traction, gastric and intestinal peri- 
stalsis, micturition when due to cystic 
atony, etc., besides acting on the 
blood-vessels as stated under the ap- 
propriate head. 

Ergot is a stimulant to all the un- 
striped muscle tissue of the body. 
As a part of this gener^'l action there 
is a stimulant effect on the arterial 


muscles and probably also on the 
heart. The action on the ]>lood-ves- 
scls occurs alter destruction of the 
vasomotor center and, therefore, 
must he the result of an effect on 
some portum of the peripheral vaso- 
motor mechanism Wood and llofcr 
(Arch, of Intern. Med, Oct. 15, 1910). 

Elimination.— 'I'I k- fate of the active 
principles in tlic hody is unknown. 

Ergot was foninl in the feces of 
several different jicrsons and dogs by 
the writer after its administration by 
the mouth. The microscopic findings 
were positive even after a single dose 
of 1 Gni. (15 grains). The lindings 
were positive only during from 
twenty-four to thirty-six hours after 
the ergot had been ingested. Slras- 
burger (C'entralbl. f. Gynak., IJd. xxx, 
Nu. 49, 1907). 

POISONING BY ERGOT.— Acute 
ergot poisoning is very infmjucnt. 
Very large doses of ergot ])roduce 
symptoms of gastrointestinal and 
cerel)rosj)inal origin. When taken by 
mouth ergot produces a heat and dry- 
ness of the throat, tliirst; gastric pain, 
Avith nausea or vomiting; intestinal 
colic and diarrhea, giddiness, head- 
ache, restlessness and even delirium, 
coldness of the surface of the body, 
dilatation of the puj)ils, with slowness 
and slight weakness of the ])ulsc. 

Tetany following poisoning by er- 
got, taken to cause abortion, was ob- 
served by the writer. Within 10 min- 
utes of the administration of 15 grains 
(1 Gin.) of chloral hydrate and 30 
grains (2 Gm.) of the triple bromides 
per rectum, full consciousness re- 
turned, and the spasm of hands and 
feet began to relax. Kmsheimer (N. 
Y. Med. Jour., Dec. 18, 1915). 

Children and pregnant women are 
the first affected when r^^e bread con- 
taining ergot is eaten, sometimes only 
after several days. 

Death may occur from cardiac 
paralysis. 
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The writer witnessed the following 
typical case of ergot poisoning: Early 
one morning he was summoned to a 
woman who was iti a comatose con- 
dition. The pulse was 58, small, 
weak; respiration was labored; tem- 
perature 98° F. (36.7*^ C). It was 
noted that the flexor muscles of the 
forearm underwent severe tonic con- 
tractions at intervals of a few min- 
utes. Later the flexor muscles of the 
thigh and legs showed the same ap- 
pearance. The toxic condition came 
on a short time before the patient 
was seen, and was initiated by giddi- 
ness and convulsions. The fluidex- 
tract of ergot had been taken in 
dram (4 Gm.) doses every four 
hours for four days before the symp- 
toms developed. The patient was 
removed to the hospital, where she 
remained unconscious for three days. 
Constipation was marked, but urina- 
tion was free. The pupils were 
widely dilated. Purpuric spots ap- 
peared on the neck, arms, and limbs. 
The pulse at one time was as low as 
56, and for two weeks never went 
above 70. The patient ultimately re- 
covered. F. M. O. Gorman (Phila. 
Med. Jour., Oct. 13, 1900). 

Case of a man who had difficulty in 
breathing in the morning. The 
pupils were dilated, and the power 
of accfimmodation almost completely 
lost. It was then found that he had 
been taking extract of ergot. The 
patient was, therefore, given a vigor- 
ous diet, the ergot stopped, and he 
soon recovered. Schneider (Miinch. 
med. Woch., Sept. 30, 1902). 

Chronic ergot poisoning or ergo- 
tism, was formerly rather common, 
occurring in epidemics as a result of 
eating rye bread containing ergot. 
As the poorer classes of Spain and 
Russia relied mainly upon rye bread 
for their food, it was among them that 
ergotism was most frequently met. 
Two types of chronic ergot poisoning 
are encountered, the gangrenous and 
the convulsive. 


Gangrenous ergotism usually affects 
the peripheral structures such as the 
fingers, toes, nose, ears, and some- 
times an entire hand or foot, leg or 
arm, the genitalia, and also various 
internal organs. Cutaneous phenom- 
ena — tingling, formication, redness, 
coldness, an earthy hue, an eruption 
of vesicles containing a dark, ichorous 
fluid, and dry gangrene — follow one 
another in more or less rapid suc- 
cession, muscular contractions com- 
plicating in a large proportion of 
cases. Nausea, vomiting, diarrhea, 
and colic arc also ob.servcd. 

Convulsive ergotism manifests itself 
mainly by disturbances of sensation, 
headache, a hard and small pulse, 
painful muscular cramps, and even by 
epileptiform convulsions, which are 
followed l)y marked nervous depres- 
sion. I'liese salient symptoms may 
be preceded by vertigo, tinnitus 
aurium, headache, itching, burning, 
and crawling sensations in the skin. 
Mental phenomena are common, the 
patient becoming somnolent, stupid, 
irresponsive and apathetic. Mania, 
melancholia, and other forms of in- 
sanity may be simulated. 

In 17 cases of psychoses from er- 
got poisoning witnessed by the 
writer, there did not seem to be any 
characteristic somatic feature of the 
ergot psychoses. The knee-jerk was 
variable, as also the sensory phe- 
nomena; exaggerated muscular ex- 
citability was more constant. The 
milder psychoses were not accom- 
panied by any physical symptoms 
and in the severer cases the syn- 
drome resembled actual tabes. The 
main cerebral features of the ergot 
psychoses were disturbances in con- 
sciousness and the emotional sphere, 
with more or less intellectual weak- 
ness and apathy. M. J. Gurewitsch 
(St. Petersburger med. Woch., Bd. 
xxxvi, S. 434, 1911). 
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Muscular tremors and contractures, 
especially of the flexors of the lingers 
and toes and of the extensors of the 
arms and thighs, are common. The 
majority of the symptoms of tabes 
may be present along with marked 
lassitude and emaciation. The organs 
of special sense are blunted, and the 
pupils dilated, though sometimes un- 
equally. 

Treatment of Ergot Poisoning. — 

In acute poisoning the bowels should 
be opened by quick purgatives: ])y 
castor oil or Epsom salts. Tannic or 
gallic acid should be given internally. 
The recumbent posture should be 
maintained, the patient be stimulated 
with brandy or other spirits, and given 
amyl nitrite by inhalation. 

In chronic ergotism the treatment is 
chiefly hygienic and symptomatic on 
lines similar to those that apply to the 
acute form. In the gangrenous form 
the treatment is operative, it being 
advisable to wait for a line of demar- 
cation and then to amputate imme- 
diately above the line. Saline solution 
intravenously should be tried, how- 
ever, before operative procedures arc 
resorted to if as soon as the cutaneous 
phenomena suggesting the possibility 
of oncoming gangrene appear. Hypo- 
dermoclysis is indicated in all cases 
as soon as the diagnosis of ergot in- 
toxication is made. 

THERAPEUTICS. Ergot is 
mainly used by obstetricians and 
gynecologists to cause uterine con- 
traction. Its use as an oxytocic is 
sanctioned by very few authorities. 

Labor. — Full doses of ergot are 
never to be given to hasten the de- 
livery of a fetus, because it causes 
tonic contraction of the uterus, inter- 
ruption of the placental circulation, 
endangering the child through as- 


phyxia, and if operative procedures 
be necessary they are greatly embar- 
rassed by the rigidity of the uterus, 
and the danger of the uterine rui)ture 
is increased. I here is a possible ex- 
ception to this restriction. It may be 
given as a propliy lactic against ])ost- 
j)artum hemorrhage during the second 
stage of labor in those cases in which 
it is indicated, but not if there is any 
mechanical obstacle to delivery, or if 
the fetal head is high u]) in the canal. 
If it is given during this stage of labor 
the fetal heart should be carefully 
watched, and instrumental delivery 
resorted to if any signs of asi)hyxia 
occur. Jf ergot is given before the 
membranes have ruptured, it may pre- 
vent further dilatation t)f the uterus 
and deprive the fetus of its blood- 
supply. The drug may produce its 
effect prematurely if given at the lime 
of passage of the child’s head, and 
thus interfere with the expulsion of 
the placenta by producing hour-glass 
contraction. 

Instance of severe complications on 
account of tlie administration of er- 
got before the placenta had been 
expelled. The writer found 7 similar 
cases in German literature. Jn his 
own case delivery had been normal; 
two hours later the cervix permitted 
passage of two fingers and there had 
been considerable hemorrhage, but 
no signs of severe anemia, no dizzi- 
ness nor fainting. As there seemed 
to be no change in these conditions, 
in a few hours the attending physi- 
cian gave ergot and sent the patient 
to the hospital, where the cervix was 
found nearly closed. By this time 
fifty-five hours had elapsed since 
delivery of the child and there was a 
slight rise in temperature. After in- 
troduction of the inflatable bag for a 
few hours the placenta was evacuated 
by hand. Recovery promptly en- 
sued. Schmid (Miinch. med. Woch., 
Sept. 19, 1911). 



576 


ERGOT (SAJOUS). 


The uses of ergot in parturition may 
be summarized as follows : (1) during 
labor, immediately after the birth, to 
keep the uterus firmly contracted and 
prevent post-partuni hemorrhage; (2) 
earlier in labor, in occasional cases, to 
overcome dangerous inertia; (3) in 
subinvolution of the uterus. 

It is especially indicated if an anes- 
thetic has been required to effect de- 
livery. It is useful as a prophylactic 
against, and a remedy for, post- 
partum hemorrhage. 

The fluidextract administered by 
the mouth is g*enerally preferred. 
When rapid effects are necessary, 
ergot may be given intramuscularly 
in preference to the subcutaneous 
method, which gives rise to consider- 
able pain. A good preparation of 
ergotin in 10-minim (0.6 c.c.) doses 
may be employed for the purpose. 
Several new preparations, ernutin, 
ergonc, and aseptic ergot, are particu- 
larly adapted to hypodermic use. 

To ol)tain tlie greatest therapeutic 
value of ergot in labor, it should he 
limited to, or near, the end of the 
third stage, administered hy the 
mouth when indicated for the pre- 
vention of hemorrhage, and hypo- 
dermically when indicated for the 
control of hemorrhage. Applegate 
(Amer. Med., June 24, 1905). 

Abortion. — Ergot is useful in this 
condition when the uterus remains re- 
laxed, but is contraindicated before 
the uterus has been emptied. It is 
also useful in the subinvolution con- 
sequent upon abortions, given con- 
tinuously in small doses. 

Nervous Disorders. — Ergot has also 
been found useful in certain mental 
diseases, as epileptic mania when as- 
sociated with cerebral hyperemia, and 
chronic mania with lucid intervals. 
When given in large doses in acute 


myelitis, and in congestion of the 
spinal cord and meninges, it is said to 
be of value. Merits have been claimed 
for it in the treatment of delirium 
tremens, in conjunction with the 
bromides. 

There is hut one real indication for 
the multiple uses of ergot, which is 
the contraction of weak and relaxed 
unstriated fiber or other vital con- 
tractile tissue. By applying it ergot 
will be found a useful remedy in a 
large variety of cases, medical as 
well as surgical. Among these are 
affections of the heart, blood-vessels, 
and atony of the hollow viscera. It 
may be used to promote elimination 
and assimilation, to increase impaired 
functional activity, to regulate the 
menstrual functions, to counteract in- 
somnia, shock, neurasthenia, spas- 
modic nervous conditions, paralysis, 
coma, pain, toxemias, acne rosacea, 
varicose veins, nervousness with de- 
fective venous circulation associated 
with excessive cigarette smoking, 
and surgical conditions. Alfred Liv- 
ingston (Med. Rcc., Nov. 23, 1907). 

In hypertrophy of the prostate, par- 
ticularly the form due to senile influ- 
ence, the vasoconstrictor action of 
ergot may be used with benefit. 

In 2 cases of enlargement of the 
prostate, 1 a senile enlargement and 
the other a traumatic inflammation in 
a young adult, the administration of 
ergot apparently reduced the obstruc- 
tion caused by the enlarged organs. 
The writer urges the more frequent 
use of ergot in these cases. He gives 
1 dram (4 Gm.) every 4 hours. Mur- 
phy (Pract., Nov., 1918). 

Hemorrhage. — In internal hemor- 
rhage of various internal organs, espe- 
cially in hemoptysis, ergot has been 
used because it contracts the blood- 
vessels in the bleeding area and tends 
to favor clotting. Inasmuch, how- 
ever, as vasoconstriction occurs in all 
parts of the body, a general rise of the 
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blood-pressure is produced which 
tends to counteract what hemuslatic 
action it mig-ht have through its effect 
on the bleeding vessels. Its use there- 
fore is no lunger advocated in hemop- 
tysis nor in cerebral hemorrhage, f.c., 
apoplexy. In renal and subcutaneous 
hemorrhages, however, ergot has 
proven its value experimentally and 
clinically. Hence the fact that it is 
effective in pulmonary edema (but 
usually given with atropine) in epi- 
staxis^ hematuria (renal or vesical), 
purpura hemorrhagica, the hemor- 
rhage of scurvy, etc. It has been 
used also in the intestinal hemorrhage 
of typhoid fever, in dysentery with 
bloody stools, in serous diarrhea, and 
in bleeding hemorrhoids. 

iM'got may possibly effect a cure in 
small aneurisms of peripheral main 
arterial trunks by the contractions 
produced as tlie result of its action on 
the un striped muscular fibers in the 
affected portion of the vessel. It also 
])romotes coagulation of the blood in 
an aneurismal sac. 

Diabetes. — I lypodermic injections 
are sometimes of value in diabetes 
mellitus to reduce the excessive How 
of urine by causing vasoconstriction. 
The use of ergot combined with the 
bromide of sodium has been advised 
by Hare in the treatment of diabetes 
insipidus. 

Genital Disorders. — hrgot has been 
employed with good effect in sperma- 
torrhea and in deheient tone <>f the 
genital organs. 

Locally ergotin is of value in con- 
junctivitis, incipient boils, and may 
be used in suppositories in such con- 
ditions as prolapsed rectum and 
hemorrhoids. 

Clemins has used injectioi^s of ergot 
(4 grains to the ounce) into the blad- 


der in the cystitis of paraplegic pa- 
tients. '['he Iluidextract may lie 
emploNcd as a local a])plication in 
chronic follicular tonsillitis, and the 
oil is said to be of value in tbe treat- 
ment of seborrhea. 

Ergot is used in enlarged prostate 
with retention of urine and in enuresis. 
Hypodermic injections about tlie dor- 
sal vein of the iienis arc useful in im- 
potence when relaxatic)!! of the organ 
occurs too early as a result of the loo 
pifimj)! return of the excess of \ enous 
bloc)d to the general circulatit)n. 

C. E. Die M. Sajous 

AND 

I.. T. Die AI. Sajous, 

Philadelphia. 

ERIGERON, OR FLEABANE. 

- ( )il of cn.ncrr)n us a Aolatile oil obtained 
from the fresh, lloweriiij^ herb of linrjeron 
canadensis Liniie It is of a j)ale-ye11ow 
color, having* a peculiar, persistent, aromatic 
odor, and a sbgbtly pungent, aromatic taste. 
As the result of aj^e or exposure to tbe air 
it becomes darker and thicker. The specific 
gravity ranges from ().«S45 to 0.8()5. 

PREPARATIONS AND DOSE. 
—Oleum erigerontis, U. S. P. VIII (oil of 
engeron) is given in the dose of 15 min inis 
(1 C.C.). It is best given in capsules. It is 
soluble in an ecpial volume of alcohol. 

PHYSIOLOGICAL ACTION.— Oil of 
erigeron is an astringent and an active diu- 
retic, being similar in action t«) turpentine, 
but less irritating. It is non-irritating to 
the stomach, and is said to have a slight 
tonic action. 

THERAPEUTICS.-Externally, oil of 
erigeron may be applied to prevent insects 
from stinging, biting, or olherwuse injuring 
the skin. Owing to its astringent action, oil 
of erigeron may be given internally for 
hemorrhages of a moderate degree. It is 
of most value in the treatment of passive 
uterine hemorrhages or oozing, and is also 
useful in epistaxis. In combination with 
cubebs and copaiba, it has also been used in 
the later stages of gonorrhea. In the treat- 
ment of dysuria, especially when occurring 
in children, the use of this drug will be found 
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of value. It may also be used in diarrhea, 
dropsical affections, and in chronic forms of 
renal disease, its use being contraindicated in 
acute congestions of the kidney. H. 

ERYSIPELAS. --DEFINITION. 

— By erysipelas is ‘ meant a violent 
inflammation of the superficial lymph- 
channels. 

SYMPTOMS. — Erysipelas is most 
frequently found about the face and 
head, probably because of the exces- 
sive number of superficial lymphatic 
vessels. The affection has g-radually 
lessened through the use of antiseptic 
principles in surgical practice. 

It may occur in or extend to the 
fauces and tongue and, extending 
painlessly up the Eustachian tube, in- 
volve one or both eyes and may cause 
blindness (Snell), It has been ob- 
served, in fact, in all parts of the 
body. 

The many different skin lesions 
which may be found so often upon 
the legs of old men, such as eczema, 
etc., may be the starting point for the 
erysipelas infection. The skin of old 
men become easily penetrable by 
the streptococcus, and the itching to 
which the skin lesions give rise, as 
well as the frequent slovenliness of 
old men, are contributing causes 
which also explain the frequency of 
the infection. Lucien and Parisot 
(Semaine med., Dec. 11, 1907). 

The writer has encountered 6 
cases, all in men who had recently 
slaughtered a hog with swine plague. 
The incubation period ranged from 
24 to 30 hours. Pain was the first 
symptom to attract attention, but the 
exanthem and lymphangitis are the 
most characteristic features. Svith 
(Ugeskrift f. Laeger, Jan. 24, 1918). 

True cutaneous erysipelas is char- 
acterized by severe elevation of tem- 
perature, attended by a disseminated 
inflammation of the skin. This is 
sometimes preceded by a chill. The 


elevation of temperature continues 
until the erysipelatous process reaches 
its end. There may be a wound from 
which the redness starts, or there 
may be no cutaneous evidence of the 
seat of infection. A mere scratch, 
though healed, may have allowed the 
streptococcus to enter; having trav- 
elled up the lymphatics, the organism 
starts the erysipelatous process at a 
distance from the seat of entrance. 

Case in which a judgment for $5000 
accident insurance was granted on the 
plea of accident, the death of the in- 
sured having been caused by erysip- 
elas due to a slight injury on his 
cheek, causing a slight abrasion of 
the skin, which resulted in traumatic 
erysipelas. The attending physician 
testified to the discovery of the al)- 
rasion of the skin, and that in his 
opinion the disease from which the 
assured had died was wholly infec- 
tious, and could not have resulted 
except through infection of some 
wound or abrasion of the skin; that it 
made its first appearance at the edges 
of the alleged wound, and that in his 
opinion it resulted solely from the 
infection of that wound. (Jour. 
Amer. Med. Assoc., Sept. 21, 1912). 

There may be red streaks showing 
lymphatic glands extending from the 
wound to the special place where the 
poison now develops very freely. 

In the newborn, according to 
Lemaire, erysipelas may develop not 
only about the umbilical wound, but 
also around a vaccination wound and 
around the conjunctiva. Histological 
examination shows accumulations of 
streptococci in the lymphatic vessels. 
There may be a few bacilli in the 
superficial region of the derma, but 
none in the epidermis. At first the 
fever is not excessive, and it may not 
be noteworthy until the second or 
third day. If the child does not quickly 
die there may be several resulting 
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abscesses, and death may ensue from 
the fifteenth to the twentieth day. If 
recovery follows it may be lonj^ in 
coming, being delayed by athrepsia 
or infectious diarrhea. 

Erysipelas in the newborn infant 
is a very serious and generally fatal 
disease. Its fatality depends on the 
absence of reaction against the 
germs, due to the absence of phag- 
ocytosis in the newborn child. After 
the age of 3 months the prognosis is 
quite otherwise because here phago- 
cytosis goes on normally. Starting 
from the solution of continuity at 
the umbilicus the germs enter the 
tissues and are not opposed by the 
lymphatic glands. They enter the 
lymphatics of the subcutaneous tis- 
vsues, where they arc found in great 
numbers, as also in the outer coats 
of the blood-vessels. A rapidly fatal 
peritonitis closes the scene. The ex- 
ternal redness and swelling are slight. 
A. Herrgott (Annales de gynecol. ct 
d’obstet., May, 1908). 

The writers observed 7 recoveries 
among 12 infants with erysipelas, all 
only a few days old, after using Del- 
bet’s bouillon- vaccine treatment. Only 
1 recovered of 12 treated by the or- 
dinary measures. Boidin and Tieriiy 
(Bull, de la Soc. Med. des Hop., Feb. 
11, 1921). 

Tension of the cellular tissues now 
becomes very marked ; blebs may 
form on the surface from the intense 
irritation of the papillary layer of 
the skin. It sometimes happens that 
the process, having started in one 
part of the body, may be arrested, 
only to manifest itself elsewhere. As 
a rule, after the process subsides the 
parts are soon restored to their nor- 
mal condition, although a certain 
amount of desquamation takes place. 

When the deeper lymphatics are 
affected a great deal of effusion takes 
place in the cellular tissue, and cellu- 
litis results, which is much more in- 


tense than that described as arising 
from the strej)toc()Ccus in its ordin- 
ary degree of virulence. It bears, 
however, a great analogy to it, only 
the .symptoms may ])e much more 
intense. A su])purative ])rocess takes 
place with a great disintegration of 
cellular tissue. This has been char- 
acterized as ])hlegmonous, or sup- 
purative, er\si])elas. it may come to 
the surface, and subse(iuently change 
its course as an erysi])elas of the 
skin. It is also ])ossible that other 
bacteria should contaminate this in- 
fection. 

I'he constitutional .symptoms cor- 
respond to the intensity and extent 
of the local ])rocess. The tem])era- 
ture rises to about 104° F., and may 
reach 107° F. The fever may be of 
a continuous remittent or intermit- 
tent type, and in direct pro])ortion 
to the extent of the inflammation. In 
some instances there occurs no fever, 
a i)robablc sign that the immunizing 
functions are inadequate. 

Two ca.sc.s in which the tempera- 
ture was for the most part subnormal, 
although in both the cerebral symp- 
toms were early and profound, one 
being an elderly man and the other 
an infant 3 weeks old. Macauley 
(Brit. Med. Jour., Feb. 26, 1910). 

Gastric symptoms may likewise 
occur, with loss of appetite, nausea, 
vomiting, excessive thirst, and a 
highly coated tongue. The urine is 
generally dark colored, and may con- 
tain albumin, blood, bile-pigment, 
and micrococci. The s])leen is some- 
times swelled, and there may be pain 
in the region of the kidneys. An in- 
fective pneumonia due to extension 
of the disease from the oral cavity 
or pharynx may likewise occur. The 
heart is also involved in a large pro- 
jKirtion of cases. 
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Of 2664 cases of erysipelas in the 
writer’s service at Vienna, 288, that is, 
10.8 per cent., were in persons over 
60. Only 01 of his elderly patients 
were men. Tie has been inakinj^ a 
special study of the affection in the 
aged. Complications on the part of 
the respiratory organs were no more 
common than after other infections, 
but kidney affections were repeatedly 
encountered with erysipelas in the 
elderly, especially an acute hemor- 
rhagic process subsiding with the in- 
fection. Nervous symptoms were fre- 
quent. The erysipelas attacked the 
face almost invariably; m^ne of the 
patients presented erysipelas of a 
mucous membrane, although he knows 
of 1 case on record in which the throat 
was primarily invaded. Unusually fre- 
quent were the complications or 
sequels in the form of sujipurativc 
processes in the sul)cutaneous cellular 
tissue, especially when the erysipelas 
was on the liml)s. (iangrene of the 
lids was observed in a few cases, but 
the eyeball did not suppurate in any 
instance, and lie witnessed the healing 
in some cases of a deep, extensive 
gangrenous process, even in women 
over 80. In 25 per cent, of his 288 
cases of erysipelas in the elderly, it ter- 
minated fatally. H. Schlcsingcr (Med. 
Klinik., Aug. 8, 1909). 

Erysipelas influences the myocar- 
dium. In about 500 patients with 
erysipelas examined, the writer found 
m 5 "ocardial changes in about 250, and 
dilatation of the heart in 44 patients. 
The changes pass away with the ery- 
sipelas without apparently leaving 
permanent injuries. The only physi- 
cal sign seems to be the change in 
the outline of the heart. Teissier 
(Semaine med., Jan. 12, 1910). 

Ca.se of a healthy girl of 16, tend- 
ing a woman with a severe erysipelas 
of the face, who was suddenly taken 
with serious peritonitis and suc- 
cumbed on the fifth day. The 
autopsy revealed an acute strepto- 
coccic seropurulent peritonitis, but no 
sign of perforation; the genital or- 
gans were normal. M. Valias (Lyon 
med.. Oct. 9. 1910). 


Out of 6 cases of erysipeloid, Rahm 
cultivated the swine bacillus in 2, Dutt- 
man in 7 out of 9, and Diemer out of 
3 found it in every case. The writer 
examined 5 undoubted instances of 
erysipeloid. Four of these workers 
were “smoke dryers’’ and “butcher’s” 
assistants, and the fifth was largely 
engaged in handling pork. Of the 5 
examined the swine erysipelas bacillus 
was successfully isolated, tested and 
cultivated in 3. D. Acel (Deut. med. 
Woch., July 16, 1924). 

Case in which a child, aged 10, died 
from chronic septicemia which re- 
sponded to te.sts for swine erysipelas. 
This disease occurs in other domestic 
animals and in poultry. Postma 
(Ned. Tijd. V. Gen., Feb.'20, 1926). 

Tf the proce.s.s he not arrested, death 
may result from the extension of the 
local infection to some vital organ, 
as tlie lu’ain or peritoneum. 

Tn pregnant women, erysipelas, in 
the majority of cases, does not cause 
abortion. If confinement or miscar- 
riage occur during its course, there 
is no genital infection, provided ob- 
stetrical antisepsis lie rigorously prac- 
tised; moreover, the children at birth, 
according to Lc Gendrc, show no trace 
of erysipelas. 

Synovitis or suppurative arthritis 
may occur as a complication of ery- 
sipelas. In 817 cases of erysipelas re- 
corded by Gamgee one or the other 
of these conditions took place. The 
complication may arise at any time 
during the attack. The suppurative 
form requires the promptest and most 
heroic treatment. Disorganization of 
the joint will follow, even the death 
of the patient, otherwise. Furuncles 
may follow an attack of erysipelas. 

In a single case, Zeller and Arnold 
observed, in the course of a year and 
a quarter, about 650 furuncles, affect- 
ing all parts of the body, including 
the hairy scalp. Fever, up to 100° F. 
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and more, but without distinct rela- 
tion to the al:)scess formation, was ob- 
served. There was little depression 
of the g’eneral health, and the termi- 
nation was complete cure. 

The kidneys, accordino- to I'ollat- 
scheck, are affected in about 3(S per 
cent, of all cases. This is evidenced 
in the kidneys by the presence of 
casts with or without albumin, of 
albumin with or without casts, or (d 
l)oth. The presence of even lar<;e 
(quantities of albumin with renal ele- 
ments in the sediment may be only 
transiton% and does not necessarily 
imply an unfavoral)le pro.nnosis. 

Renal coniplicatioiis art* to I)e ex- 
pected with erysipelas. Of 483 re- 
ports of cases examined, 327 (67.7 
per cent.) had excreted ])atholo,i?ical 
urine. The mortality, however, did 
not apparently indicate that it was a 
very serious comiilication In (>6 of 
the cases the erysipelas was limited 
in extent; in 48() it w'as extensive. 
The scalp was primarily involv(*d in 
12 cases, hut of the 485 cases he^on- 
niiif^ in the face in onb' 7 did the dis- 
ease extend beyond the hair mar{.iin, 
the scalp rcmainiiij^ unarfecte<l. tdy- 
cosuria occurred in a certain per- 
centage of the cases. J>ostoii and 
Blackburn (Jour. Amer, Med. Assoc., 
Nov. 2, 1907). 

Death may result from exhaustion 
consetiuent upon the febrile process 
and weakening' of the organs by 
gradual infection. 

The duration of the infection is 
very uncertain. It may seem to have 
disappeared, and subsequently starts 
up again. It may last a few hours, 
and continue for several weeks. 
Again, it may travel over the whole 
body and possibly attack the same 
locality several times. As a rule, it 
delineates its course witlrn two or 
three weeks. 


Examination of the blood, whether 
made during an attack or during the 
])enod of convalescence, as empha- 
sized by C hanteniesse, furnishes valu- 
able information regarding the course 
of an attack of er\ sipelas. The curve 
of the number of leucocytes in a case 
of ervsijielas folhiws very closely that 
of the temperature, but this leucocv- 
tosis does not show (‘(pially througli- 
out the various blood elements. The 
jKjlynucleated cells show an incn‘ase 
as soon as the malady is established, 
while at the same time the number of 
inonomicleated cells diminishes, such 
diminution occurring chieily in the 
lvmi)hocytes. When recovery takes 
place it is signalized by a fall in the 
number of ])olvnncleated cells. I he 
cosincd)hile cells, wliicli fell in num- 
ber during the course of the illness, 
only a])])ear again when the blood in- 
fection is altogether at an end. 

In at least one-third of cases of 
severe crysi])elas the hlood yields a 
pure culture of the streptococcus. 
Such a hiidinjj; docs not, liowever, im- 
])ly an imfavorahlc prognosis. Strep- 
tococcic septicemia in a small propor- 
tion of cases and pyemia almost al- 
ways may hccoine com])licatcd witlx 
infectious endocarditis. This involves 
the left side of the heart, particularly 
the mitral valve, which l)ecomes 
covered with small vegetations. It is 
often overlooked, since generally 
there arc no ])hysical signs, though 
there is always a possibility of mul- 
tiple emholism. yXhnormal sounds 
heard over tlie prccordiiim in ery> 
sipelas are only in exceptional in- 
stances due to endocarditis. Lesne, 
Eraiic^^^u and Gerard (Presse med,, 
Sept. 14, 1912). 

Some persons are su1)3ect to * ‘ha- 
bitual attacks” of erysipelas, gener- 
ally about the face, and probably re- 
peated infections from a chronic 
nasal catarrh. As well shown by the 
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researches of Christian C. Holmes 
(1907) the pneumococcus and strep- 
tococcus arc the two principal patho- 
genic bacteria which have their 
normal habitat in the nose and acces- 
sory sinuses. Hence the relatively 
frequent occurrence of facial ery- 
sipelas with a primary infection in 
these cavities. In most instances, ac- 
cording to Lavrand, spontaneous re- 
current erysipelas of the face develops 
from the nasal fossae through the 
lachrymal duct or the nostrils. The 
point of departure is either in the 
nasal fossae or, more frequently, in 
the more or less hypertrophied ade- 
noid tissue of the pharyngeal cavity. 

Erysipelas has no appreciable in- 
fluence on the duration and amount 
of the menstrual flow. On the con- 
trary, according to Salvy, menstrua- 
tion favors the development of ery- 
sipelas. Recurrences during the flow 
are due to the peculiar nervous state 
of the patient and to the persistence 
of colonies of streptococci in the skin 
and lymph-spaces, whose virulence 
has not been entirely destroyed. 

Case which is of interest on account 
of the presence of a mastoiditis dur- 
ing an attack of erysipelas. An op- 
eration was urgently demanded. In 
spite of the fact that such an opera- 
tion was done within the erysipela- 
tous area, not the slightest disturb- 
ance in the way of any serious com- 
plication occurred. Wiener (Med. 
Rcc., Oct. 22, 1910). 

Erysipelas of the larynx is more 
common than is generally supposed, 
though the literature does not indi- 
cate that the condition has been fre- 
quently met with or studied to any 
great extent. Some difficulty is occa- 
sionally encountered in making a dif- 
ferential diagnosis, for, while the 
local phenomena are generally very 
different from some conditions of the 
throat, as tonsillitis, they cannot 


always be distinguished from those 
of simple inflammation; and where 
only redness of the throat exists, it 
may be necessary to await the skin 
manifestations before a positive diag- 
nosis can be made. The presence of 
phlyctenulae in the throat makes the 
diagnosis less difficult, but adds to 
the gravity of the case, which may 
terminate even in gangrene. 

The writer presents short histories 
of 3 cases, which show the serious- 
ness of the condition and the neces- 
sity for early and energetic treat- 
ment. One case with a negative pre- 
vious history became insane a few 
weeks after being discharged from 
the hospital cured, the mental de- 
rangement undoubtedly being due to 
the severe infection. D. Bryson Del- 
avan (Laryngoscope, Mar., 1911). 

Certain attacks of erysipelas have 
proved a source of immunity against 
anthrax, at least for a few days. 
There is a growing opinion that it 
exercises a direct effect against the 
development of .sarcoma. Indeed, 
cases are reported of sarcomatous 
growths having gradually disap- 
peared after an attack of purulent 
erysipelas; hence the practice of 
inoculating erysipelas in those suffer- 
ing with inoperable sarcoma. This 
procedure is not, however, without 
danger to the patient, for it is not 
always possible to limit the develop- 
ment of the disease; hence the patient 
should be made cognizant of the risk 
to be run by the inoculation of 
erysipelas for the destruction of 
sarcoma. 

In about a thousand cases of ery- 
sipelas, ill over one-fourth of the 
number the affection was not recog- 
nized. Pure erysipelas is a mild, 
serous, and not a suppurative or de- 
structive process; the patients should 
be protected against infections from 
other forms liable to superpose sup- 
puration and necrosis on the erysip- 
elatous process. Phlegmons are par- 
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ticularly dangerous in this particular. 
Sorensen (Hospitalstidcnde, Jan. 13, 
1913). 

The diagnosis of ordinary erysip- 
elas is very simple. Gradually in- 
creasing and spreading redness is 
characteristic, and it can only be mis- 
taken for erythema. This latter in- 
fection, however, is not accompanied 
by fever, while erysipelas always is. 

The following three signs arc char- 
acteristic: 1. The sign of centrifugal 
maximum. The most marked lesions 
are always situated at a spot at scmic 
distance from the starting point on 
the periphery of the patch; so also 
are the swelling and pain on pressure. 
This sign is useful in distinguish- 
ing erysipelas from inllainmatory 
troubles, dacryocystitis, dental ab- 
scess, parotiditis or mumps. 2. The 
ear sign. Owing to the close ad- 
herence of the dermis and perichon- 
drium, and the absence of subcuta- 
neous tissue in the ear, inflammatory 
processes stop short at the periphery, 
whereas erysipelas, being a derma- 
titis, spreads in the thickness of the 
skin itself, invading that of the ear as 
it df)cs in any other part. 3. 'Fhe pain 
sign. The erysipelatous patch is in- 
variably exceedingly painful. The 
patient invariably makes a grimace 
and shrinks when it is pressed, where- 
as in acute eczema and ophthalmic 
zona the parts are not so tender on 
pressure. Jn dental abscess and 
dacryocystitis, however, the affec- 
tions are both painful and tender, but 
in a different way. Milian (Progres 
med.. No. 30, 1908). 

COMPLICATIONS.— I he wound 
may apparently not be interfered 
with in the healing process, while at 
the same time a deep cellulitis exists, 
and may finally end in suppuration. 
The open wound upon which erysip- 
elas has developed will take a dry, 
gray, dirty, and glossy appearance, 
covered with a sort of croupous mem- 
brane, and will retain this appearance 


until the intensity of the infection has 
disappeared. On the mucous mem- 
brane a swelled condition takes place, 
which may also cover itself with a 
croupous membrane. There may be 
marked disturbances of the central 
nervous system as the result of a high 
fever. Delirium and stupor, accom- 
panied by vomiting and convulsions, 
may follow. A collai)scd condition of 
the system may take place after the 
disappearance of the symptoms. Hal- 
lucinations and certain motor disturb- 
ances may occur. As a rule, the 
lymphatic glands are not affected 
in superficial erysipelas, wliile they 
may suppurate in a deeper form of 
the infection. Internal complications 
known as metastatic inflammations 
may take place. 11iese may he septic 
bronchitis, pneumonia, or meningitis, 
while ])eritonitis may follow erysip- 
elas of the neighboring parts. 'I'he 
local sequeke of erysipelas arc a 
thickened condition of the cellular 
tissue due to the obstruction of the 
lymphatic vessels and an impaired 
condition of the vitality of the skin, 
predisposing the j)arts to eczematous 
ulcerations. Deep cicatrices may 
also form as a permanent result. 

ETIOLOGY AND PATHOL- 
OGY. — Erysipelas is a violent inflam- 
mation of tlie lymph-channels, caused 
by the streptococcus. Although it is 
now generally conceded that the 
infectious agent, as described by 
Fehleiscn as the cause of erysipelas, 
is identical with the streptococcus of 
suppuration, the symptoms of erysip- 
elas are sufficiently different to war- 
rant a description of this infection as 
a form of affection separate from 
ordinary suppuration. It has been 
proved that the virulence of the strep- 
tococcus varies materially with the 
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nature of the soil upon which it 
grows ; that it will frequently acquire 
a greater virulence when the resist- 
ance of the subject is lessened, as in 
tuberculosis, diphtheria, scarlet fever, 
small-pox, typhoid fever, and inOu- 
enza, and when the vitality of the 
body is reduced, as by overwork. 

Oise in which the pneumonia clip- 
lococcus was found in pure cultures 
in the exudate of the typical ery- 
sipelatous lesions on scalp and face. 
Crisis occurred on the seventh day. 
Connio (Riforma Med., July 14, 1917). 

Erysipelas cannot be considered 
either a contagious or directly infec- 
tious disease; only patients who arc 
particularly susceptible can contract 
the disease from others. Hays (N. Y. 
Med. Jour., Aur. 18, 1917). 

The writers observed several in- 
stances of infection of other patients 
from erysipelas patients transferred to 
the internal clinic. They consider 
complete isolation necessary. Redlich 
and Krasso (Wiener klin. Woch., 
Mar. 11, 1926). 

Its virulence materially differs in 
various animal organisms, as it is by 
no means equal to the virulence of the 
same streptococcus in mice or rabbits. 
Erysipelas can be produced in rabbits 
by the injection of the ordinary strep- 
tococcus of suppuration, and by that 
means acquire a greater virulence, 
and, if not attenuated, would repro- 
duce symptoms of erysipelas in an 
ordinary wound infected with it. 
From its etiology, therefore, erysipe- 
las is a non-specific disease, but is 
due to a higher state of virulence 
which the streptococcus happens to 
possess at the time it enters the 
tissues, or which it can soon acquire 
when the tissues are suited to its de- 
velopment in a virulent shape. It has 
also been demonstrated that erysipe- 
las cocci may enter the blood ; but, as 
a rule, they are not found in this fluid. 


Erysipelas is an acute inflammation 
of the epidermis due to the presence 
of one of the organisms of the strep- 
tococcus class, of which the Strepto- 
coccus pyogenes is the most frequent 
example. Cellulitis appears to be a 
strictly comparable inflammation of 
the cellular tissues, and when the in- 
flammatory processes involve both 
the epidermis and the cellular tis- 
sues the condition of cellulocutaneous 
erysipelas results. Acute lymphan- 
gitis would seem to be a less virulent 
infection, due, as a rule, to organisms 
of the staphylococcus class, with a 
greater tendency to spread, as its 
name implies, by the lymphatic sys- 
tem. Erysipelas is not, in the true 
sense of the term, a specific disease, 
since it may be produced by a variety 
of organisms, and these organisms 
arc capable of producing other dis- 
eases. Panton and Adams (Lancet, 
Oct. 9, 1909). 

Cold is a recognized etiological 
factor of erysipelas, doubtless owing 
to the weakened resistance of the 
skin to infection it entails. Hence the 
more frequent occurrence of the dis- 
ease in cold weather and the influence 
of cold draughts in causing it. 

Season has long been recognized as 
a prominent predisposing factor in 
erysipelas, the greatest number of 
cases, as shown by the histories of 
564 cases, occurring during cold 
weather, and this is, in a measure, 
explained through the fact that men 
arc more likely to suffer abrasions of 
the skin during the winter months. 
During June, July, August, and Sep- 
tember, when in this climate wc have 
our greatest heat, cases of erysipelas 
arc few and, in fact, the rule is that 
during these months the erysipelas 
wards are often without a single oc- 
cupant. Season also exerts a decided 
influence on the mortality rate, the 
greater proportionate number of 
deaths occurring during November, 
December, January, and February, at 
which months, in this climate, we 



ERYSIPELAS (HEJ/rRAN). 


585 


have our extreme cold. When the 
months of March and April are 
unusually cold the death rate is 
increased. Boston and Blackburn 
(Jour. Amer. Med. Assoc., Nov. 2. 
1907). 

PROGNOSIS. — The prognosis of 
erysipelas is very uncertain. 1lie 
mortality rate is somewhat above 10 
per cent. Mucli will depend upon the 
rapidity and intensity of the course 
of the infection, and upon the origans 
which may be secondarily invaded by 
the poison, or possibly a comi)lication 
by which a septicemia may exist. 
Young- and otherwise healthy ])ersons 
would offer a favorable prognosis, 
while those more depleted, and espe- 
cially those recovering from linger- 
ing disease, would offer less hope of 
recovery. 

Age is of groat clinical importance 
both as a predisposing and prognos- 
tic factor in erysipelas. In their 
series of 564 cases studied, the writers 
found all cases developing in children 
during the first year of life were fol- 
lowed l)y a fatal termination, while 
between the first and tenth years the 
disease was not fatal. At the other 
extreme of life the mortality rate in 
erysipelas is exceedingly high, 83 per 
cent, of cases terminating fatally in 
those after the age of 80, and 38 per 
cent, in those above the seventieth 
year. Possibly between the ages of 
20 and 60 erysipelas is apt to repre- 
sent a highly virulent type of infec- 
tion, and complications develop early 
and are severe in character. Tn the 
senile the erysipelatous process is 
liable to be of a low grade of infec- 
tion and to spread extensively. Of 
the 539 cases analyzed with reference 
to sex there were 342 males and 197 
females, while of the 69 deaths 56 of 
them were males and 15 females. 
Boston and Blackburn (Jour. Amer. 
Med. Assoc., Nov. 2, 1907). 

In 5270 cases of erysipelas at a hos- 
pital for women at Petrograd, the 


total mortality was 4.4 per cent, but 
it was much higher with advancing 
years, being only 1 per cent, up to 20 
and increasing progressively to 8 and 
14 per cent, at 50, 00 and older. Ivan- 
off (Russky Vratch, xvi. No. 9, 1917). 

TREATMENT. — Local. — The nnil- 
tiplkity of remedies advocated for 
the treatment of erysiindas is the ])est 
proof that no sj)ecilic exists to arrest 
this infection. 

Comparative results of various 
treatment employed in 71 cases of 
erysipelas. In 37 the writer used a 
combination of camphor and chloral, 

1 part of the latter to 3 of the former, 
with good results. The patients all 
recovered, and, although the treat- 
ment did not appear to elfect the 
course of the disease, the patients 
gained relief from the application. 
In 10 cases/ ichthyol collodion was 
used with equally good results, hi 
5 cases application of cold water, 
yielded good results, while in 5 other 
cases no treatment .'it all was given, 
except a little calomel and dilute hy- 
drochloric acid; and the patients re- 
covered just as quickly as did the 
others mentioned. In 3 cases every 
kind of treatment was tried, includ- 
ing the use of antistreptococcic 
serum, without avail. The patients 
died. Red light was tried in 3 cases. 
In the writer’s opinion the treat- 
ment of erysqielas is expectant and 
there is no specific. Potter (Jour. 
Med. Soc. of N. J., June, 1907). 

Absolute alcohol is one of the 
older remedies in which most con- 
fidence can be placed in cases in 
which the occlusive bandage can be 
applied with exactitude, as, for in- 
stance, in erysipelas of the extremi- 
ties. It is more difficult to apply 
where the face is the part affected, 
but the writer was able by its use to 
liring to a standstill after twenty-four 
hours erysipelas of the face in an old 
woman 82 years of age. For ery- 
sipelas of the scalp it Is very useful. 
Hecht (Therap. Monats., Jan., 1907). 

The hot-air douche used in 19 cases 
of erysipelas caused rapid recovery. 
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The jet of superheated air was ap- 
plied to the spot for half an hour to 
an hour two or three times a day. 
Absorption is promoted to such an 
extent that there is generally a slight 
rise of temperature afterward. The 
lesions were usually on the face and 
neck; when other parts of the body 
were, involved a hot-air box or cham- 
ber or a hot flat-iron was used. Ritter 
(Munch, med. Woch., May 24, 1910). 

An ointment composed of 1 part of 
chlorinated lime and 9 parts of paraffin 
ointment proved to be the best appli- 
cation in 15 cases treated, the tempera- 
ture falling in two or three days, 
instead of in nine, as with other 
methods of treatment. C. Biiiz (Berl. 
klin. Woch., Nov. 1, 1909). 

The writer has treated 77 cases of 
erysipelas differently localized, all 
serious and all occurring in women, 
with intramuscular injections of a 10 
per cent, solution of sodium nucle- 
inate, employing doses of 1, 2, or 3 
c.c. (16, 32, or 48 minims). The in- 
jections were repeated every second or 
third day. They lowered the febrile 
temperature permanently after the 
first injection in half of the cases. M. 
E. Blumenau (Vratch, No. 45, 1911). 

The application of antiseptics in 
erysipelas probably does not do more 
than prevent mixed infection. Among 
the antiseptics which may be used 
is ichthyol in ointment or aqueous 
solution of 10 to 50 per cent, strength, 
either painted on or applied thickly 
spread on lint or gauze, which should 
be changed frequently to prevent 
drying or sticking. Similarly, there 
may be applied gauze saturated with a 
solution of phenol (1 to 2 per cent.), 
boric acid (saturated solution), picric 
acid (1 per cent.), sodium salicylate 
(5 per cent.), resorcinol (2 to 5 per 
cent.), mercury bichloride (1:5000), 
lead and opium wash, magnesium sul- 
phate, alcohol, or simply cold water. 
A bolder method is the injection of 
antiseptic solutions a little outside of 
the margin of the advancing inflam- 
matory process, e.g., a 2 per cent, 
solution of phenol, or solutions of the 
bichloride or biniodide of mercury. 


The writer's favorite procedure in com- 
bating severe cases, however, is the 
continuous application of ice to the 
inflamed area. The parts are en- 
veloped as thoroughly as possible, 
and where an extremity is involved it 
is placed in a trough of cracked ice 
for several days. A. P. Biddle (Jour. 
Mich. State Med. Soc., May, 1912). 

Use of buttermilk advocated; it is 
to be applied on soft rags — butter- 
cloth is excellent for the purpose — 
which are kept constantly wet with 
the remedy. F. S. Arnold (Practi- 
tioner, May, 1913). 

The writer considers ichthyol still 
the best remedy for erysipelas. The 
ammonia contained in it contributes by 
producing a local anemia. In attempt- 
ing to abort an early case ichthyol 
should be used externally and ammonia 
also given by the mouth. Unna (Deut. 
med. Woch., Nov. 10, 1921). 

The writer treated successfully a 
case of severe erysipelas of the face in 
a baby aged 12 months by intramus- 
cular injections of the father's blood. 
Three injections were made (into the 
buttock), of 15, 20 and 20 c.c., re- 
spectively. The blood was withdrawn 
from the cephalic vein of the father, 
and injected immediately, with a fresh 
needle, the blood having no time to 
clot. Pines (Brit. Med. Jour., Dec. 5, 
1925). 

A 5 per cent, solution of mercuro- 
chrome-220 soluble was applied to the 
affected area with cotton swabs, once 
daily, until the eruption was well on 
its way toward subsidence. In only 1 
case did the affected area show any 
tendency to spread after the first ap- 
plication of the drug, and in this there 
was no spreading after the second 
application. Only 1 of the 8 cases^* 
treated with mercurochrome developed 
any complication, and this one not 
serious, while 2 of 3 cases treated by 
cold compresses developed serious 
complications. Eldridge (Annals of 
Clin. Med., Oct., 1925). 

In 4 cases of erysipelas of the face, 
intramuscular injection of 5 to 10 c.c. 
of cow’s milk the 2d, 3d or 4th day 
seemed to arrest the process at once. 
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and a second injection completed the 
cure. A. Jensen (Ugeskrift f. Laeger, 
Jan. 28, 1926). 

Prevention, therefore, should be 
sought for. The greatest adherence 
to aseptic principles and in the subse- 
quent dressings of the case will in- 
sure the impossibility of the wound’s 
developing erysipelas. Should, how- 
ever, a contaminated wound present 
itself with the developing disease, 
antisepsis must intelligently be ap- 
plied to the particular case as our 
sheet-anchor. The various remedies 
advocated by different authors rest 
upon this principle, each only claim- 
ing his antiseptic to have given the 
best results. This is probably the 
case because the particular author 
has had most experience in his 
special method. Of all the antisep- 
tics, one of those commonly believed 
to have the most germicidal power is 
1 : 1(XX) aqueous solution of mercuric 
chloride, slightly acidified. The anti- 
septic must come in close proximity 
to the invading micro-organisms, in 
order that it should exert its destruct- 
ive power. Any method which will 
facilitate this will fulfill the indica- 
tions. I, therefore, believe, with 
Kunert, that multiple scarifications 
and incisions should be performed 
when possible in order to facilitate 
the direct absorption of the antiseptic 
solution, while I also advocate, with 
Riedel and Classen, the scarification 
of the advancing margins of the ery- 
sipelas, so as to cut the development 
across before the micro-organisms 
have had access to them and fill these 
developments with an antiseptic solu- 
tion, and so destroy them as they ad- 
vance. The parts are kept thoroughly 
irrigated with the cold solution. If 
the patient should have some idiosyn- 


587 

crasy against mercuric chloride, a 3 
to 5 per cent, solution of carbolic acid 
may l^c used with efficiency. In fact, 
all the antiseptics known today have 
been, in turn, advocated, and, pos- 
sibly, may be used with benefit. 

Increase of virulence often occurs 
when infection is locked up in the 
subcutaneous tissues. The writer 
carried out experiments made to find 
whether or not it was possible to 
alter the virulence of staphylococci and 
streptococci so as to explain the 
clinical phenomena. He found that 
by taking a virulent strain of strep- 
tococcus and incubating it in an acid 
medium, the streptococcus changed 
to an apparently typical staphylo- 
coccus, while the same strain in- 
cubated in an alkaline or neutral 
medium retained streptococcic ap- 
pearance and virulence. Earlier he 
had discovered that the acidifying of 
a bichloride of mercury solution would 
take away its action of coagulating the 
blood, thus rendering it more useful 
as an antiseptic application. 

Applying these facts to the treat- 
ment of erysipelas, he used acid ice- 
cold bichloride of mercury solution 
locally in the treatment of this dis- 
ease, making minute scarifications, 
e.speci.ally for two or three inches be- 
yond the infected area, so as to lie 
upon the lymphatic vessels. The 
venous capillary hemorrhage thus 
caused allows vast numbers of the 
infecting cocci to escape, and the ice- 
cold compress, kept wet with the 
solution and applied to the lymphatic 
vessels, helps to destroy those re- 
maining. If the infection is deeper, 
involving the cellular tissue, an in- 
cision should be made over the in- 
fected area for thorough drainage 
and disinfection. If the nose or some 
delicate part of the face is involved 
the scarifications may be replaced by 
copious acupuncture. He has em- 
^)loyed this method in a large num- 
ber of cases, both in hospitals and 
private work, with unfailing success 
in checking from the first the start- 
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ing infection, and he believes that by 
this local treatment, in conjunction 
with the constitutional tonic treat- 
ment with tincture of chloride of 
iron, all the indications will be met. 
E. Laplace (Jour. Amer. Med. Assoc., 
July 20, 1907). 

For erysipelas of the face and scalp 
ichthyol and vaselin, equal parts, 
form an excellent local application, 
placing over this absorbent cotton. 

Magnesium sulphate in the form of 
saturated solution in water applied 
with compresses, kept constantly wet 
with the solution, and covered with 
oiled silk, has been found beneficial 
in a large number of cases. 

Of the various remedies recom- 
mended for the treatment of erysip- 
elas of the face ichthyol proved to 
be the most useful of all, applied in 
a mixture with equal parts of trau- 
maticine. This was swabbed over the 
affected part three or four times a 
day, and the application was contin- 
ued for forty-eight hours after all 
local symptoms had died out. Ich- 
thyol may be used in many other 
ways, often to greater advantage. It 
may be applied pure, diluted with 
half its volume of boiled water, freely 
bathing the parts every day or twice 
a day. As it dries it forms a thick 
.scab, thus rendering the use of suc- 
cessive dressings unnecessar 3 \ When 
all active symptoms have subsided it 
may he applied in an ointment. In 
the case of severe inflammation with 
oozing and suppuration it is better, 
for the first twenty-four or forty- 

eight hours, to apply dressings 

moistened with a 1 in 10 or 1 in 20 
solution, applying the pure ichthyol 
at a later stage. In an ointment it is 
not so active and should be only used 
in cases with little inflammation: — 
R Ichihyolis ^ss (2 Gm.). 

Zinci oxidi, 

Adipis aa Sij (8 Gm.). 

Paraffini mollis 

q. s. ad Sj (30 Gm.). 

Misce. Fiat unguentum. 


This is an excellent application 
when inflammation has disappeared. 
It should be used while redness per- 
sists, or the ff)llowing cream may be 
substituted: — 

R Amyli (4 Gm.). 

Zinci oxidi 3ij (8 Gm.). 

Adipis lancc, 

Paraffini mollis ..aa SiJ (60 Gm.). 

Liq. hydrogeni per- 

oxidi Sss (15 C.C.). 

Misce. Fiat cremor. 

Should any telangiectasis persist 
the following ointment will be found 
more effective: — 

Sol. adrenaUni clilo- 
ridi (1:1(XX)) .... 5ss (2 Gm.). 

Zinci oxidi, 

Adipis lancc fia 3ij (8 Gm.). 

Paraffini mollis 

q. s. ad 5j (30 Gm.). 

Misce. Fiat ungiicntum. 

Castaigne and lu'rnet (Journal de 
med. et cliir. jiratiques; Amer. Med., 
April, 1912). 

A mixture of 1 part of ichthyol 
with 2 parts of alcohol gives prompt 
heiiefit when used locally. The prep- 
aration should be freely applied, after 
careful shaving of the hairy surfaces, 
until the involved areas and even the 
surrounding zone of healthy skin have 
acquired a dark-hrown color. Diiid 
(Revue med. de la Suisse Roniande, 
May, 1912). 

The writer found that the applica- 
tion of magnesium sulphate solution 
was extremely beneficial. Pain and 
swelling abated, fever decreased, and 
extension of the disease was con- 
trolled in the majority of cases. Re- 
port of 72 cases of erysipelas treated 
by wet dressings of a saturated solu- 
tion of magnesium sulphate in water 
as originally advocated by Lucker, 
He used it in 19 cases of erysipelas 
complicated with alcoholism, acute 
nephritis, myocarditis, pneumonia, 
etc., with but 3 deaths, and in 35 un- 
complicated cases without a single 
death. This treatment has been ap- 
plied by him and others to nearly 700 
cases of various forms of infiamma- 
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lion with uniformly roocI results. 
Lucker claimed ori^t^inally the follow- 
ing advantages for it: The patient 
prorftptly obtains relief from the dis- 
tressing local symptoms. The tem- 
perature rapidly falls to normal, usu- 
ally during the second twenty-four 
hours, thus eliminating ])ossible com- 
plications from a more prolonged 
fever. There is no necessity for in- 
ternal medication in uiicom])1icatcd 
cases, the only treatment being a 
milk diet until the temperature be- 
comes normal. In the writer’s own 
cases pain and sw'clling abated, fever 
decreased, and extension of the in- 
fection was controlled in all but 6 
cases. Many of the cases were ad- 
vanced and neglected, and conse- 
quently the results have not been so 
uniformly good as those reported by 
Lucker. In 6 cases the intlammatory 
process extended so rapidly that in 
spite of this treatment antistrepto- 
coccus serum was injected; only 1 of 
these cases recovered. Excluding the 
above and 7 moribund cases, there 
remained 5^1 cases, w'itli 13 deaths and 
40 recoveries, equivalent to about 22 
per cent., as compared with about 16 
per cent, in Lucker’s complicated 
cases. Choksy ( Lancet, h'eb. 4, 1911). 

The writer adv(K*ates strongly the 
local application of 10 per cent, tinc- 
ture of iodine to the inflamed area 
and for several inches beyond it in all 
directions for the prompt control of 
erysipelas. He has u.sed this remedy, 
thoroughly apjilied, iti a very large 
number of cases and has found it far 
superior to any other wdiich has been 
suggested. In many cases the tem- 
perature fell to normal and the con- 
stitutional symptoms began to sub- 
side within a comparatively few 
hours. The application must be most 
thorough, and where there are folds 
to be treated it is best to pour some 
of the iodine into them and spread it 
about with a cotton swab. In some 
cases a second application of tincture 
of iodine may be re(|uired, but in the 
majority one application wdll effec- 
tively check progress c' the disease. 
Keppler (Med. Klinik, Dec. 31, 1916). 


The wTiters have treated 5 ca.scs of 
erysii)elas with tincture of iodine. 
These were all limb cases. Not only 
W'as the involved area painted over 
but the entire limli was treated. The 
treatment was repeated 2 or 3 limes 
each 24 hours and continued until 2 or 
3 days after cessation of the infective 
manifestations. 

Tincture of i(^dine is rapidly ab- 
sorbed, and the healthy skin shows 
the browmish coloialion which is an 
index of prolonged impregnation The 
high temperature falls and there is 
rapid improvement of the general 
state. T'he sju'ead of erysipelas is 
prevented. In no case was contagion 
to neighboring tiatients observed. 
Basset and Lcchelle (Bull, et mem. 
.Soc. de chir. de I'ar., xliv, 1408, 
1918). 

The writer recommends tincture of 
iodine. An inch-wide ring is t^ainted 
around the erysipe latous area, repealed 
in 5 minut(“s, and later reiiew’od as 
soon as tlie brown color fades. This 
occurs quickly through the action of 
perspiratii^ii, hut the skin must he kept 
perfectly dry, ointments being avoided. 
Although used years by the writer, 
this method, he states, has never dis- 
appointed him. Lamnierhut (Berl. 
klin. Woch., Nov. 21, 1921). 

fluetcT has recommended the par- 
enchymatous injection of 2 or 3 i)er 
cent, solution of carbolic acid at the 
margin of the inflamed district, par- 
ticularly in the 1>cginning of ery- 
sipelas. It may also he painted over 
the erysipelatous area and wa.shed off 
with alcohol. 

Tn case of extension into the eye- 
lids, where it is impractical to use the 
acid, Allen prescribes a 2 per cent, 
carbolic acid solution in unguentum 
hydrargyri ammoniati, to he applied 
frequently. 

The w^riter rejiorts 82 cases or ery- 
sipelas treated by means of carbolic 
acid and alcohol during ihe past eight 
years. 'I'here were 67 complete re- 
missions of symptoms in from twelve 
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hours to four days. There were 10 
delayed recoveries, and the treatment 
failed in 5 of the cases. The tech- 
nique of the method consists of paint- 
ing with a swab of cotton the entire 
surface of the involved area, and ex- 
tending about half an inch into the 
surrounding and apparently healthy 
skin, with a 95 per cent, solution of 
carbolic acid. This is left until the 
purplish color of the inflamed area is 
replaced by a pretty complete whiten- 
ing of the skin. When large areas 
are involved, it is advisable that only 
a portion be painted at a time. The 
second step consists in going over 
the whitened areas very thoroughly 
with a second swab saturated with 
pure alcohol. Judd (Med. Record, 
vol. vii, p. 268, 1909). 

Good results were obtained from 
radiant light in both mild and severe 
cases. A 50-catidlc power incandes- 
cent therapeutic lamp was used at a 
distance of 18 inches for 20 minutes 
every 2 to 3 hours. Next day there was 
visible just a fringe of erysipelatous 
“margin’* at one spot. Next day there 
was no trace of erysipelas, though later 
a slight recrudescence was noted, 
dispelled by further treatment. L. B. 
Williams (Amer, Jour, Electrotherap, 
and Radiol., Feb., 1917). 

The writer had good results in ery- 
sipelas from the use of picric acid 
solution, 1 to 1000 with 12 Gm. (3 
drams) of alcohol added to the quart 
(liter) of solution. The affected area 
is painted with the solution and a dry 
cotton dressing applied. This is re- 
peated every 12 hours. Usually the 
eruption is checked in 3 days, with a 
rapid drop in temperature and gen- 
eral improvement in the patient’s 
condition. Critzman (Med. Standard, 
Apr., 1917). 

The writer found brilliant green 
efficient in 12 cases, the average time 
for subsidence of the attack being 
just over 5 days. There was no mor- 
tality in the series of 40 cases, but 
there was recurrence in 2 cases. He 
painted the affected area with a 5 per 
cent, aqueous solution once a day in 
mild cases and twice a day in severe 


cases. A piece of lint is so adjusted 
as to prevent staining of bed-clothes. 
When the eruption has subsided dis- 
coloration can be removed in 3 or 4 
days by vigorous washings, preferably 
with ether soap. J. E. Adams (Brit. 
Med. Jour., Nov. 20, 1920). 

In erysipelas spreading to the chest 
in infants, the writer witnessed en- 
couraging effects from the use of the 
quartz lamp. After 2 treatments the 
condition was checked, and the high 
fever was abated after 2 or 3 days. 
Petenyi (Monats. f. Kinderheilk., June, 
1921). 

In cellulocutaneous erysipelas and 
cellulitis a series of incisions, each 
about two inches long, should be made 
in the inflamed cellular tissue in 
order to prevent gangrene and give 
exit to the pus or discharges. These 
incisions are made where the skin 
seems to be most inflamed, in the 
direction of the long axis of the limb, 
parallel with the blood-vessels, so 
that these shall not be wounded. It 
may be necessary to give an anes- 
thetic to make these incisions. 

General Treatment. — General treat- 
ment will essentially consist in feed- 
ing the patient and giving tonics ; 
chief among these will be the tincture 
of the chloride of iron in doses of 30 
drops every two hours. This is sup- 
posed to have more of a specific action 
than any other drug recommended 
for the purpose. 

The best diet will be one based 
largely on milk and eggs. 

The bowels should be regulated, 
and an anodyne given to induce sleep 
and relieve restlessness. 

A number of Italian and Russian 
observers have reported beneficial re- 
sults from the use of diphtheria anti- 
toxin in erysipelas. 

Report of 7 cases of facial erysip- 
elas treated with diphtheria antitoxin 
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injected subcutaneously and applied 
locally. The effects were eminently 
favorable. The writer used 10,500 
units, giving- 1500 by injections and 
the rest by local application. The last 
patient was a man of 50, and other 
measures were suspended after this 
treatment was commenced. Federici 
(Gaz. degli Ospedali, Oct. 20, 1907). 

The writer witnessed a rapid fall 
of temperature with disappearance of 
the skin manifestations after the in- 
jection of ordinary diphtheria anti- 
toxin. In a few cases, a second in- 
jection was necessary to bring about 
the desired effect, while in a smaller 
percentage, usually of far-advanced 
cases, the serum was ineffective. 
Sometimes' the symptoms of the dis- 
ease itself disappear, but septic com- 
plications develop later. Tn other 
streptococcus infections, the serum 
was useless, so that it is as yet im- 
possible to explain its action in ery- 
sipelas. O. Polak (Wiener med. 
Woch., July 22, 1911). 

Vaccine therapy has also an in- 
creasing* number of advocates, but it 
is difficult at present to reach a final 
conclusion as to its actual value. 
(See also Bacterial Vaccines, in the 
second volume.) 

Erysipelas has yielded so little to 
treatment in the past that it is not 
wholly strange that many medical 
men have abandoned therapeutic 
remedies, used supportive treatment 
and hoped for a living patient after 
the disease had “run its course’’— 
i,e., developed sufficient specific resist- 
ance in the body to check further 
spread of the disease. The writers 
employed bacterial treatment in 3 
cases of erysipelas, injecting dead 
streptococci with apparently uni- 
formly good results. The dose in 
these cases varied from 30,000,000 to 
60,000,000 dead streptococci. Duncan 
and Illman (N. Y. Med. Jour., Sept. 
19, 1909). 

Series of 50 patients, treated with 
erysipelas vaccine showed that it is 
entirely unnecessary to prepare a 


vaccine for each case. It is, however, 
advisable to have a composite stock 
vaccine derived from several different 
strains, from as many different cases. 

It is probable that the more virulent 
the case of erysipelas the more valu- 
able will its streptococcus be as a 
vaccine. The method of treatment 
has been, in almost every case, to* in- 
oculate with 10,0(KJ,0()() of the devital- 
ized streptococci on the first visit if 
the case is a severe one. and with 20,- 
000,(XX) if it is less severe. On the 
second day in the severe case the pa- 
tient gets 10,(KX),{KX) more if there are 
signs of improvement. The most im- 
portant of these signs is a certain 
clearing of the intellect, and the 
others are a lessened intensity of the 
local condition — less tenderness and 
pain. 'J'he temperature is not so 
satisfactory a guide, although a fall 
of two or three degrees on the morn- 
ing following the injection is a valu- 
able indication for a second inocula- 
tion. Ross and Johnson (Jour. Amer. 
Med. Assoc Mar. 6, FXXA. 

Vaccines, both autogenous and 
polyvalent, have a decided and im- 
portant place in the treatment of 
erysipelas. The writer treated 30 
cases with a stock vaccine prepared 
from several patients, and to which 
was usually added a number of strains 
of streptococci obtained from various 
other virulent infections. In addi- 
tion, this treatment was supplemented 
by autogenous preparations when- 
ever possible. The first dose was 
given as soon as the diagnosis was 
evident, and followed after one or 
two days by a second, third, or 
fourth. Five or ten million organ- 
isms were usually given at first; later, 
ten or fifteen million. 

The vaccines seemed decidedly to 
abbreviate the course of the disease, 
fn several cases where the prognosis 
had been very grave, their use was 
followed by convalescence. The vac- 
cines also promised much in the pre- 
vention of recurrent attacks; 3 of the 
30 patients treated died, but in these 
the condition had been so desperate 
that no results could be expected. 
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In 3 cases in which there had been 
repeated recurrences up to the time 
of treatment, no further attacks 
occurred. W. TI. Walters (Amcr. 
Jour, of Dermal., July, 1912). 

The use of antistreptococcic serum 
in the treatment is advocated hy some 
observers and condemned by others. 
Its successful use, however, usually 
coincides with its early employment 
in a given case and with large doses. 
The effect of a successful serum in- 
jection is not manifested for twelve to 
twenty hours, and reaches its maxi- 
mum in twenty-four hours. 

Birkhaug (1926) has ju'epared an 
erysipelas antistreptococci serum 
which, in concentrated form, was 
given in doses of 15 to 20 c.c., with 
very favorable results, in sixty mod- 
erately severe cases. According to 
this observer, the cause of erysipelas 
is a specific type of streptococcus hemo- 
lyticus. Given early, the serum caused 
a critical fall of tetnperaturc and fad- 
ing of the local lesion; in late cases, 
several injections were required. 

All measures proved incfTcctual 
until the writer began to give a sub- 
cutaneous injection every day of 50 
c.c. of antistreptococcus serum. In 
very severe cases he gave an injec- 
tion morning and evening. These 
doses w^erc kept u]) for 2, 3 or 4 days; 
in one case for 5 days. In another 
case very severe erysipelas of the 
face, with much swelling, disappeared 
within 48 hours, after two injections 
of 60 C.C.. A quinine tonic is taken in- 
ternally at the same time. There were 
no accidents from the serotherapy 
but quite frequently there was a 
serum rash, with pains in the joints, 
sometimes intense. These by-effects 
developed about five days after the 
last injection of serum. He injects 2 
c.c. of the serum 4 hours before the 
main injection, to ward off any dan- 
ger of anaphylaxis. Capitan (Bull, de 
TAcad. de med., May 22, 1917). 


All the new-born with erysipelas 
at the Madrid Foundlings^ Asylum 
having died, the writer succeeded 
in saving 3, and another in his private 
practice, by giving 3 or 4 injections 
of 10 c.c. of a polyvalent antistrepto- 
coccus serum. By the second injec- 
tion the patches had blanched and 
their spread been arrested. He has 
found doses of 20 c.c. effectual also 
in older children. He also sprays or 
dresses the parts with 1 per thousand 
mercuric chloride, and has the in- 
fants breast fed. Briz (Siglo Medico, 
Apr. 13, 1918). 

The writers used diphtheria anti- 
toxin intravenously and obtained ex- 
cellent results and better than those 
from antistreptococcus serum. They 
gave antitoxin only in the graver 
cases, wdth fever, delirium and pros- 
tration, but without absceSsSes. Three 
of forty-eight soldiers treated with 
the usual measures died, hut none 
died when given this intravenous 
treatment. The dose was 10 c.c., rep- 
resenting 5000 units. Campani and 
Bergolli ((biz. degli osped. e delle 
din., Aug. 25, 1918). 

The writer reports 3 cases in infants 
cured by local use of antistreptococcic 
serum. Boisserie-Lacroix (Jour, de 
Med. de Bordeaux, Jan. 25, 1922). 

In all cases due to streptococcal in- 
fection the WTiter considers early in- 
jection of 40 or 50 c.c. of antistrepto- 
coccic serum of great value; it is to he 
repeated daily. Serum injections about 
the eruption are also deemed valuable 
by the writer, who has observed over 
500 epidemic cases in 1 year. Inflam- 
mation yields readily to hot fomen- 
tations. He found erysipelas of the 
scrotum frequent in the poorer classes. 
Erian (Pract., May, 1922). 

Convalescent erysipelas serum from 
patients with normal temperature at 
least 1 week was used by the writers in 
18 cases in an average dose of 15 to 20 
c.c. intramuscularly, with remarkable 
improvement in 13 cases. Jordan and 
Dustin (Jour. Amcr. Med. Assoc., 
Mar. 15, 1924). 

Basil R. Beltran, 
Philadelphia. 
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ERYTHEMA, - definition.— 

Erythema in itself simply denotes redness 
of the skin in which varying gradations of 
tint from yellowish red to violaceous red. 
darkish red, bluish red, or even blackish 
red are observed. As a disturbance of the 
functions of the skin it implies, on the one 
hand, various forms of hyperemia or active 
inflammation. 

SIMPLE ERYTHEMA.— Tn this form 
there is a discoloration of the skin, varying 
in tint, size, and shape, and due to an ab- 
normal flux of blood to the tissues without 
the presence of inflammation. 

Symptoms. — The affection is transient, 
the coloring fading under pressure, and is 
caused by numerous internal and external 
agencies. It is instanced by the abnormal 
flushings and blushings, which are the ex- 
pression of the varied feelings, such as 
anger, joy, and shame; it is also produced 
by disturbances of digestion due to indi- 
gestible foods, alcohol, drugs, or by vari- 
ous external injuries, as, for instance, the 
action of heat or cold, poisonous plants or 
drugs, or traumatism. The lesions pro- 
duced vary from the slightest tint of red 
to a very dark color, and vary in shape 
from a round or oval to an irregular patch. 

There is a definite clinical entity 
with skin lesions of the erythema 
group, purpura, erythema, urticaria, 
and angioneurotic edema, in which 
visceral lesions occur as the result of 
the same type of lesion. The most 
common of these manifestations are 
arthritis, gastrointestinal symptoms, 
hematuria, and various renal disturb- 
ances. The visceral disturbances' oc- 
cur unaccompanied by the skin 
lesions. The disease is due to some 
disturbance in the small blood-ves- 
sels, almost always focal, causing 
dilatation, diapedesis, and exudation. 
The ultimate cause is unknown. H. 

A. Christian (Trans. Amer. Med. 
Assoc.; N. Y. Med. Jour., June 9, 
1917). 

Eeythema Pudoris. — ^This formt bears 
considerable analogy to the above, but it is 
the expression of menstrual disturbances, 
pregnancy, climatic influences, and gen- 
eral disorders. The difference between 

this and the foregoing variety lies in the 
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cause. This latter affection, is the result 
of some physical influence, and usually 
progresses as the patient ages. Chronic 
blushers belong to this category. 

Ekvthkm.a VENLNATrM— Certain mineral 
and vcgetal)le substances also produce an 
erythema, but if the contact is prolonged 
actual inflammation takes place, and ves- 
icles, pustules, or other symptoms may be 
observed. This form of erythema occu- 
pies thci point of contact, and is mani- 
fested by a distinct, pinkish-red, irregular 
patch of small or large size, according to 
the amount of surface acted upon by the 
irritant. Mustard, cantliarides, sulphur, 
strong soaps, ivy and other plants, acids, 
and many other drugs may be mentioned 
as some of the causes. This form of ery- 
thema usually persists for some time after 
the removal of the causative influence, 
and in cases in which the skin is deli- 
cate energetic treatment will be demanded. 

Ekvtiiema ('AU)RiriTM. — Tlolli beat and 
cold may give rise to erythema. That in- 
duced by heat is diffuse, and, although its 
disappearance follows immediately upon 
the withdrawal of the causal factor, it may 
persist for some, time in fair skins, to be, 
in turn, followed by some deg red of des- 
quamation. Exposure to the actinic rays 
of the sun is the usual and greatest ex- 
citing cause, although it is observed in 
many persons who are obliged to work 
around stovesi or machinery. 

Cooks, stokers, and men or women who 
warm their limbs before the open grate 
present gyrate patterns and annular 
patches of redness {Erythema ah if/ne, 
Crocker). This condition generally disap- 
pears without leaving any trace, l)ut there 
are cases in which the causative influence 
is often repeated; some degree of pigmen- 
tation, is induced and may persist for long 
periods, if it is ever at all removed. 

Four cases of reticulate erythema 
and pigmentation due to long contin- 
ued exposure of the skin to heat; they 
were decidedly below the normal 
standard of health either as a result 
of previous illness, alcoholism, or old 
age. In 1 case the erythema occurred 
in the lower part of the back and 
was the result of the continued use of 
a hot-watcr bag. M. Ik Hartzell 
(Jour, of Cutan. Dis., Aug., 1912). 
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Hammer refers to certain cases in which 
the action of the sun’s rays disappear im- 
mediately upon entrance indoors, and speaks 
of these cases as not being influenced by 
the heat of a fire, but as being observed in 
winter as well as in summer. Cold exerts 
a similar influence upon certain subjects 
and is shown by a livid, bluish, or cyanotic 
appearance at the point of contact. Ex- 
posed for long periods pigmentation may be 
obse^'ved, ot the condition may terminate in 
inflammation or ulceration. 

Erythema Traumaticum. — ^Violence of 
slight degree causes a diffuse redness at the 
point of contact, which may vary from a 
slight tinge of yellowish red to that of a 
dark red. Even under slight traumatism, if 
contact is allowed to continue, the condition 
will induce inflammation with all its con- 
sequent phenomena of vesicles, pustules, or 
bullous lesions. Complications may arise in 
the form of a true dermatitis, eczema, or 
other form of irritation or ulceration, and 
permanent pigmentation follow. 

The exciting agencies arc numerous, and 
the degree of injury depends upon the 
actual cause. Ill-fitting wearing apparel or 
even bed-dressings, tight garters, shoes, 
trusses, and diapers arc some of the factors 
most commonly met with, while feces and 
salivary and leucorrheal discharges may 
represent another class among causal con- 
ditions. 

There are at least four distinct 
types of eruptions involving the nap- 
kin region of infants, which are of 
non-syphilitic nature and which must 
be carefully distinguished from the 
eruptions of congenital syphilis. The 
most frequently occurring of these 
are the various forms of erythema of 
Jacquet: (1) Simple erythema is 
found oftenest on the prominent con- 
vex surfaces of the buttocks and 
neighboring parts; in severe cases it 
may extend to other parts of the 
body. It is most common in very 
young infants. (2) The erythemato- 
vesicular type presents in addition, 
toward the center of the convex area, 
small bright-red erosi6ns; at the 
periphery of the erythematous areas 
are small vesicles; the erosions by 
coalescence denude large areas. (3) 
The erythematopapular type has flat, 


red papules on an erythematous base. 
(4) In the ulcerating form the 
erosions have gone deeper instead of 
granulating. The last three forms 
occur in infants several months old. 
These four forms depend upon a 
vasomotor disturbance, possibly of 
gastrointestinal toxic origin, with a 
determining factor of local mechan- 
ical irritation. The seborrheic der- 
matitis occurs in babies a few months 
old. The entire napkin region is in- 
volved. The eruption is bright red, 
small scales being over all. Other 
parts besides the napkin region are 
also involved, more particularly the 
scalp, umbilicus, behind the ear, etc. 
The cause of the condition is microbic 
and the cure a daily boric acid bath, 
with sulphur ointment (10 grains to 
the ounce). A third class of erup- 
tions is the vacciniform ecthyma; it 
resembles the erosive and ulcerative 
stage of Jacquet^s erythema, and is of 
streptococcic origin. The bullous 
impetigo is also streptococcic. It is 
usually found in other parts of the 
body besides the napkin region. The 
phlyctenular margins reveal the im- 
petiginous nature of the bulke de- 
nuded of their epidermis. II. G. 
Adamson (Brit. Jour. Dermat., vol. 
xxi, p. 37, 1909). 

Repeated attacks leave the point of affec- 
tion prone to other affections ; the most 
important of these is bed-sore, which occurs 
as the result of being too long in one posi- 
tion and thus inducing pressure upon one 
portion of the body, or lying upon rough and 
unclean bed-linen. Certain occupations tend 
to the production of local erythema, as, for 
instance, in the case of persons who are 
obliged to remain seated for long periods, 
as shoemakers, or those who stand indefi- 
nitely, as clerks. 

Erythema Neonatorum.— During the first 
week of life we sometimes meet with a 
diffuse universal redness ; according to 
Elliot, this rarely extends beyond the 
seventh day. Beginning as a pale-red spot, 
it reaches its highest coloration about the 
third or fourth day, and then gradually 
fades, without leaving any desquamation. 
Elliot states that “during its involution, a 
yellow color, resembling that of icterus, may 
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become apparent, and in very severe cases 
there may be petechia/' The usual causal 
factor in its production is some form of ex- 
ternal irritation, harsh manipulation, either 
with the hands or towel while bathing or 
dressing, and exposure to the atmosphere. 

Ekythema L.1£VE.— This term is applied 
to red patches apparently produced by 
edematous conditions of the limbs; im- 
paired circulation is the probable cause. 
Swelling, redness, tensity, and a glossy or 
waxy appearance of the skin are the usual 
symptoms met with. yXllowed to confinue. 
these symptoms usually terminate in ulcer- 
ation. Erythema edeniatosum is applied 
when great edema is present. 

Erythema Simplex Symptom aticum. — 
Under this heading belong all the erythemas 
which arc due to some internal derangement, 
whether of the intestinal canal or from some 
general disease of the system. In some in- 
stances the cause is the ingestion of some 
food which retards digestion ; in others the 
general economy is disturbed by some drug, 
such as alcohol, phenacetin, or other sub- 
stance. This form of erythema does not 
re.spect any portion of the body ; it most 
fre(iuently attacks the face, neck, and upper 
portion of the chest and back. 

Erythema Infantilis. — Erythema in th 
infant results from derangements of diges 
tion, teething, and a number of other affec- 
tions to which young children are prone. It 
appears, for the most jiart, upon the face 
and trunk, although other surfaces are liable 
to be affected. It may vary from a rosy-red 
macule of diminutive size to a lesion cir- 
cular or semicircular in form, or present 
multiform manifestations. It is rarely ele- 
vated, causes some itching, but usually dis- 
appears in a few days. It may be persistent 
if its causes are not removed, and is some- 
times followed by a slight desquamation. 

Case of a child under 2 years of 
age in whom death followed an ery- 
thematous eruption secondary to in- 
testinal catarrh. Nuwin and Eddowes 
(Brit. Med. Jour., Feb. 3, 1912). 

Erythema Medicamentosum. — The le- 
sions produced by drugs internally adminis- 
tered upon the skin are manifold in char- 
acter and may at times resemble many other 
diseases of the skin, but the fact that one of 
a series of eruption-producing drugs — such 


as the coal-tar derivatives, antipyrin, anti- 
febrin, phenacetin, and others- -as salicylic 
acid, (luinine, and iodine— has been in- 
ge.stc<l will generally lead to a ct)rrect solu- 
tion of the difficulty. (Sec Dermatitis and 
the various drugs named). 

Case of a man r»f 37 who had taken 
moderate doses of Fowler's solution 
for furunculosis during almost six 
weeks, when an eruption appeared on 
his hands, lect, thighs, and scrotum. 
Large bulla' formetl upon an ery- 
thema, and crusts were noted upon 
the scrotum. Neumann (Wiener 
klin. Woch., Nov. 21, 1901). 

Erythematous and urticarial rashes 
are usually of toxic origin, as witness 
their development in some individuals 
after taking certain articles of diet or 
drugs, or as the results of stings ol 
insects or of nettles, or of contact 
with caterpillars of certain species. 
One must suiipose, therefore, that the 
lesions of joints which accompany 
them are also due to toxic action. 
Garrod (Lancet. May 27, 1911). 

An()MA1.()us h'ouMs. — Under this heading 
may be included forms mentioned by Duhr- 
ing as occurring tn the course of asthma, 
rheumatism, gout, hemiplegia, chorea, epi- 
lepsy, exophthalmic goiter, and other toxic 
inffuenccs. 

Malaria may manifest itself as an 
eruptive disease, as noted by the 
writer in 62 out of 16() cases. The 
erythema varies in color from a 
bright pink to a pale pink or light 
lilac, and sometimes was universal, 
with the exception of the face, neck, 
soles, and palms. In its diffuse form 
it resembles the. measles eruption, 
though generally paler, not involving 
the face or neck, and never becoming 
raised to form flattish papules. The 
macules are usually of the size of a 
rice grain or small lentil, though often 
smaller; are irregular in outline, and 
more or less confluent, being gener- 
ally so grouped as to form irregu- 
larly crescentic figures. On the 
trunk the eruption is most marked 
on the lateral aspects of the thorax 
and abdomen. II. de Brun (Paris 
med., Aug. 11, 1917). 
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This variety also includes the form ob- 
served during variola. It may be noticed 
about the second day of small-pox, and 
before the appearance of the specific erup- 
tion. According to Atkinson, of Baltimore, 
it generally spares the portions usually in- 
vaded by sinall-pf)\. and rarely lasts more 
than twenty-four hours. The character of 
erythema observed is a diffuse redness, of 
a violaceous color, and in size varies from 
a pinhead to a Lima bean. 

Measles is often c(mfounded, both 
by parents and medical men, with 
rube(da and also with certain roseolas. 
Also there arc er 3 ^themas which re- 
semble the exanthem of measles and 
which are of gastrointestinal origin. 
In a health^" infant an eruption may 
suddenly appear, beginning, as in 
measles, on the neck. It may also 
occur on the trunk. There is no 
fever, malaise, or catarrh. There is, 
however, gastric disturbance, loss of 
appetite, furred tongue, fetid breath, 
and sometimes diarrhea. The writer 
draws attention t(^ the importance of 
recognizing this condition in epi- 
demics of measles, when a wrong 
diagnosis may be easily made. Ray- 
mond (Jour, des Mai. Cutan. et Syph., 
Nov., 1903). 

Eryihcinu vaccinhini occurs during the 
course of vaccination. It may appear early, 
during the first two days, or may be de- 
layed until tile sixth or seventh, or at the 
time of beginning ulceration. Many patches 
of macules may be found over the body sur- 
face, with here and there an isolated macule 
of a bright-red color. 

Erythema dif'lithcriticum is the form of 
disease observed in connection with diph- 
theria, in both mild and severe cases. (See 
DiPHTiiLKi.^.) It appears sometimes as late 
as the second or third day of the diph- 
theritic process, and may occupy the trunk 
or extremities only, or may cover the greater 
portion of the body. The lesions are a 
diffuse redness of a mottled, punctate, or 
scarlatinal form, and when in patches it is 
generally located upon the thorax and ab- 
domen, though frequently upon the extremi- 
ties. According to A. R. Robinson, it does 
not usually increase in size after the first 
few hours and disappears during the next 


twenty-four or forty-eight hours without 
leaving any desquamation. 

Erythema Choleractum, — According to 
Duhring, there is an erythematous eruption 
observed in cholera j)aticnts. It occurs in 
polymorphous manife.stations. These arc 
usually macular, inaculopapular, or papular, 
and are noted upon the dorsal surfaces of 
both the hands and feet, forearms, legs, 
face, and trunk. It may appear either at 
the beginning or termination of the dis- 
ease and disapjicars in the form of a des- 
quamation. 

Erythema also occurs at times in uremia, 
Bright's disease, and jaundice. According to 
both I.e Lronier Lancaster and LI. Pye- 
Sniith, lesions are ob.served. In uremia the 
lesions usually occur during the later stages 
of the disease and just shortly before the 
patient’s death. I'hcy are at first erythem- 
atous, and in a few days become papular; 
fresh erythematous and papular lesions may 
afterward be o])S(Tved at different stages of 
development over ])ortions of the body. The 
lesions appear upon the extensor surfaces 
of the hands, forearms, and legs, and when 
numerous are noted upon all portions of the 
l)ody, including the palms of the hands, soles 
of the feet, and mucous membranes, and 
arc especially well developed ujx)!! the face, 
l^pon the face they tend to become confluent 
and cause great disfiguration. They are 
bright red, and beyond a slight deepening 
of tint remain as noted for three or four 
days. They disai)pcar either as flaky des- 
quamations (often being as large as those 
noted in exfoliative dermatitis), hemor- 
rhages being noted in the papules either 
during or previous to this stage, leaving a 
red, brawny, thickened skin ; or it may be- 
come eczematous and terminate in the for- 
mation of crusts or in the formation of 
pustules and abscesses. Itching sometimes 
accompanies this condition. 

Pathology. — The erythemas arc the re- 
sult of disorders of the vascular system and 
particularly those of the smaller vessels 
contained in the upper layers of the co- 
rium, and which radiate from there to the 
strata of the epidermis. Hyperemia is hut 
an excess of blood propelled into the smaller 
capillaries through vasomotor action. The 
hyperemia differs with the character of the 
exciting agency. Transitory hyperemia 
caused by a slight injury generally fades 
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quickly and no trace of itvS existence can 
afterward be determined, while those due 
to more marked lesions fade less quickly. 
Pressure leaves no visible change, thmigh 
less pliability may be noticed. At first, in 
the active hyperemias, the skin may be of a 
lighter hue, but in passive h3q:)eremia it be- 
comes darker. Although the temperature is 
somewhat above that of the normal, it may 
not even effect or may even be slightly below 
that of the natural state. 

Prognosis. — The prognosis of simple 
erythema is usually favorable. A slight 
hypcrernic process, unaccompanied by in- 
flammation, quickly subsides, although some 
degree of pigmentation may remain to mark 
its site. 

Treatment. — When simple erythema is 
likely to disappear spontaneoiislv, it is hardly 
necessary to advise any form of treatment, 
but in protracted cases, as well as those at- 
tended by recurrence, active measures should 
be resorted to. Dietetic errors should be 
corrected. Any intestinal irritant should 
be pronijHly removed by cathartics. 

Rashes in children due to gastrointes- 
tinal disorflers usually yield to fractional 
doses of calomel. In cases attended by 
tingling and burning or where a slight de- 
gree of exudation has taken place the ap- 
plication of some bland powder, simple 
lotion, or unguent will easily mend mat- 
ters. Boric acid, either as a plain powder, 
in full or diluted strengths, a lotion in 
half or full saturated solutions, or as an 
ointment, dram (2 Gm.) of boric acid 
to the ounce (30 c.c.) of ordinary petro- 
latum, will usually suffice. Lycopodium or 
fullers’ earth will serve a similar purpose. 
At times it may be advisable to add a 
slight quantity of carbolic acid to procure 
early relief. 

Schamberg recommends the following 
cooling lotion : — 

B Acidi carhoUci TTtxxx (2 c.c.). 

Acidi borici (4 Gm.). 

Glyccrini c.c.). 

Puh\ zinci oxidi (4 Gni.). 

Aquee q. s. ad fSvj (180 c.c.). 

M. 

ERYTHEMA SCARLATINIFORME. 

— Erythema scarlalinifornie (named by 
Hardy), roseola scarlatinifornie (Bazin), or 
erythema scarlatinoides (Besnier), is an 


erythematous skin eruption closely resem- 
bling that observed in scarlatina, and from 
which affection it must be differentiated. 

1 he vvriter\ streptococcus vaccine 
can awaken an erythema resembling 
in every respect that of scarlet fever. 
As the streptoet»eei are killed before 
the individuals are iiuKUilated, the 
facts obser\cd demonstrate for the 
first time the existence of a siiecific 
streptoeoeeus toxin. The writer’s cx- 
jicricnces at Moscow with large num- 
bers of ebildreii, showed that none of 
the other curative sera induce the 
production c)f the scarlatinal eruption, 
and still less the combination of sore 
throat, vomiting, rasplierry tongue, 
etc., characteristic of scarlet fever, 
which follow inoculation with the 
streptococcus vaccine, ^'he “vaccina- 
tion scarlet fever” is distinguished 
from true scarlet fever by its milder 
and more rajud course and by the 
absence of contagion to oilier in- 
dividuals Ciabritsehewsky (P>eil. klin. 
Wocli., Ibl xliv, Nil. 18, 1907). 

Symptoms. — According to I'rencli der- 
matologists, tlnre are two types of this 
affection. 1'he one “crytheme searl.'itinoide,” 
an acute rash resembling eitlu'V scarlatina 
or measles, and accompanied or not by dcs- 
((iiamation ; ollu r “erytbeme dcs(]uamatif 
scarlalim foniii' reeidivanl,” a subacute ery- 
llieinatous outbreak, resembling very e1oS(‘ly 
scarlatina, usually aceoinpaiiied by des- 
quamation. As its name imiilies, it is a re- 
current affection. 

In the more acute tyjie the lesions may be 
preceded, from a few hours or two or three 
days, by some constitutional disturbance, 
notably malaise, with chilly sensation and a 
rise of temperature of two or three degrees. 
The lesions, which are of a pinkish-red or 
crimson colcjr, arc punctate or diffuse and 
situated on the chest, thighs, face, neck, and 
other regions, although they arc not par- 
ticular to any region. At times there may 
be .slight itching or burning. The duration 
varies from a few' days to one or more 
weeks. Aggravated acute types may des- 
quamate either as thin, flaky scales or in 
large-sized exfoliations. Observers refer 
to still another type in which the affection 
simubates more particularly these char- 
acters of rubeola. 
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In addition to the general malaise, sub- 
acute cases are likely to present some dis- 
turbance of the renal functions and albumi- 
nuria. The lesions are rather more last- 
ing and exist from periods varying from 
three to six weeks. When the eruption 
reaches its height there may be a lowering 
of the fever. A marke<l symptom of this 
variety is the number of recurrences, while 
desquamation is a prominent character. 
Hartzell refers to the diminution of severity 
with each succeeding attack. 

Diagnosis. — Owing to the great resem- 
blance of this affection to the rash of scar- 
latina, it is important that a close differen- 
tiation be obtained. The symi)toms of the 
latter affection may present characters — 
such as the strawberry tongue, sore throat, 
great depression, and the presence of large 
or small quantities of albumin in the urine — 
which will usually be sufficient for all prac- 
tical purposes. 

The early desquamation or the desqua- 
mation during the height of the fever will 
generally serve to establish the nature of 
the affection present. 

Etiology. — It may be the expression of 
forms of stomachic disturbances, such as 
produced by the ingestion of toxic agents, 
as alcohol, antipyrin, belladonna, copaiba, 
arsenic, opium, the iodides, salicylates, or 
carbolic acid. 

Typhoid fever, surgical operations, rheu- 
matism, parturition, certain infectious affec- 
tions, and sewer-gas poisoning (Crocker) 
are among the numerous conditions which 
may give rise to the disease. 

Pathology. — Why so many different 
avenues should lead to the same result is 
difficult to determine. Idiosyncrasy may 
play a very important part in assisting its 
appearance. Rroeq has advianced the idea 
that the desquamative or subacute variety, 
as previously noted, is only a benign form 
of pityriasis rubra, but this theory has not 
obtained many followers. 

Prognosis. — Serious consequences are 
unlikely to follow if produced by some form 
of irritative ingesta. Elliot states that the 
affection “is grave and indicative of death 
when it appears in the course of a pyemia, 
a septicemia, or a puerperal peritonitis." 
The relapses may be more or less numerous 
and a different cause may be ascertained in 
some cases for each recurrence. 


Treatment. — ^The first indication is the 
removal of the inducing cause where pos- 
sible. Should this be some form of irritative 
ingesta the use of catharsis, especially 
salines, may suffice. The local symptoms 
should be relieved by means of antipru- 
ritic or stimulating washes. Boric and 
carbolic acids (Schamberg’s lotion for ery- 
thema simplex, vide supra) are probably 
the best remedies of this class. It may 
be deemed advisable in many cases to use 
more active local measures. For this pur- 
pose some active drugs, such as menthol 
or thymol, may be used. 

Cases of erythema scarlatini forme super- 
posed on typhoid fever, show marked im- 
provement under epinephrin, while condi- 
tions became aggravated whenever the 
epinephrin was suspended. Hutinel gives 
from 6 to 10 drops a day of the 1:1000 
solution. Ini case he kept up this dosage 
for several weeks with benefit and without 
by-effects. If it does not seem to be bene- 
fiting the child, he soon drops it. 

Case of typhoid fever in a boy of 
12 years, who presented a scarlatini- 
form erythema on the knees, elbows, 
and buttocks, besides a leaden tint, 
a bad facies, ulcerated lips and nos- 
trils, congestion at base of left lung, 
delirium alternating with extreme 
prostration, a very grave case in fact, 
contrary to the run of cases in chil- 
dren, which are generally favorable. 
The treatment was cold baths (32° C. 
— 89.6° F.), every three hours, cold 
compresses on the abdomen, hypoder- 
mic injections of camphorated oil, and 
every day a dose of adrenalin, 1 : 1000, 
8 drops divided into two doses. Even 
Hippocrates knew the danger of 
erythematous eruption in the course 
of an infectious fever, but its gravity 
has escaped the attention of many 
modern pathologists. It may be mor- 
billiform or scarlatiniform in char- 
acter and is usually accompanied by 
the excoriation of lips or 'nostrils, a 
lesion which will infect the skin of 
the finger if the patient touches it. 
Great prostration and adynamia are 
characteristic and death is the usual 
termination. Similar erythemata ap- 
pear in the course of other infections 
and are always a grave sign. They 
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must not be confounded with drug 
rashes. The autopsy in such cases 
discloses an enlarged liver with fatty 
degeneration; the renal system is also 
affected ; the heart is often soft 
and discolored; the suprarenal cap- 
sules are enlarged and increased in 
weight; occasionally the thyroid and 
the pancreas are also altered. For- 
tunately adrenalin had a marvellous 
influence in the case under discussion; 
its remission was marked by a re- 
crudescence of the symptoms, its re- 
newal by their removal. It may be 
given for several weeks without dan- 
ger, but should be watched. Tlutinel 
(Presse med., March 13, 1912). 

ERYTHEMA INDURATUM SCROF- 
ULOSORUM. — This condition was first 
described by Bazin under the title “crytheine 
indure des scrofuletix.” It is an affection 
that may be mistaken for erythema nodo- 
sum. It is found in those persons of stru- 
mous diathesis and especially women and 
young girls (Crocker) who are easily 
fatigued and who are obliged to remain for 
long periods in a standing position. 

It generally presents itself upon the an- 
terior surface of the legs and occasionally 
upon the calf (Crocker) ; the lesions may 
be deep-seated nodes or nodules, which are 
either absorbed or break down into sup- 
purating ulcers. In color they are first of 
a bright red, but they soon bec(jme darker 
or of a livid tint. After breaking they arc 
observed to be punched out, round or ir- 
regularly oval ulcerations which resemble 
to a marked extent gummatous lesions. 

In differentiating the early characters from 
erythema nodosum the acute and shorter 
course observed in the latter affection is 
to be noted. It may usually be identified 
by means of the tuberculin test. 

Case of erythema induratuni of 
Bazin in a young woman aged 17 
years. Her family history was nega- 
tive with regard to tuberculosis. The 
patient was a healthy-looking young 
woman. Since childhood she had 
suffered from a weak peripheral cir- 
culation and chilblains. The charac- 
teristic lesions of Bazin’s disease were 
present on both legs. 

On March 19, 1909, an injection of 
nigm. of the old tuberculin was 


599 

given, and as a result of this a slight 
general reaction occurred but no local 
reaction. Two days later an injection 
of 710 mgm. w^as given, whicli was 
followed by a marked general re- 
action and a local change, consiNting 
of swelling, edema, and redness of 
the lesions. Some days later, at the 
site of the injections on the arm, two 
red, painful swellings about the size 
of five-mark pieces developed. These 
gradually disappeared, leaving pig- 
mentation. 

"I’lie histological appearance showed 
that the affection was essentially a 
vascular lesion. The vessels were 
dilated and surrounded by a cellular 
infdtration. In places the endothe- 
lium bad proliferated and a throm- 
bosis was observed. Considerable 
numbers of giant-cells were present, 
and in places caseation and necrotic 
changes were noted. Ci. A. Gavaz- 
zeni (Monats. f. prakt. Derm., Sept., 
1009). 

Diagnosis from syjihilitic gumma is estab- 
lished by its longtT duration before the 
occurrence of ulcer.ition, and the serpiginous 
outline of the latter, or the jiresence of 
scars. 

Treatment. — The treatment is that of 
struma: tonics, codlivcr oil, nutritious 
food, and out-of-door life. Small doses of 
thyroid gland, not more than 1 grain (0.065 
Gm.) three times daily in an adult may 
prove helpful. Where prolonged standing 
cannot he avoided, a well-applied bandage 
should be worn. 

ERYTHEMA EXUDATIVUM MUL- 
TIFORME. — Erythema exudativum mul- 
tiforme is an acute inflammatory and exu- 
dative affection of the skin, characterized by 
the appearance of macules, papules, or vesi- 
cles, discrete or confluent, and of varying 
sizes and configurations. 

Symptoms. — The character of lesion ob- 
served, with its many conligurations, has 
given rise to the use of certain terms which 
are indicative of the condition present: ery- 
thema multi forme papillosum is used when 
the predominating lesion is of the papular 
type; erythema multiforme tuberculosum 
when the size of lesion is slightly greater 
than the papule; erythema multiforme 
vesiculosum when of the vesicular type ; 
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erj'thema multi forme bullosum when bul- 
lous; erythema niultiformc annulare seu 
circinatum when it assumes an annular or 
rounded form; erythema multi forme ligura- 
tum seu jryratum when peculiar irregular 
lesions are formed from a coalescence of 
two or more annular or circinatc rings; 
erythema multiforme iris when new lesions 
appear successively in the clearing center 
of preceding manifestation; erythema multi- 
forme vesiculosum circinatum (herpes cir- 
cinatus) when the borders of a papule 
are covered with a ring of vesicles; ery- 
thema multi ff)rme vesiculosum iris (her- 
pes iris') when several concentric rings of 
vesicles are formed; erythema nniltiforme 
urticatum (lichen urticatus) when from the 
edema they closely resemble urticaria- 

In Osier’s group of 29 cases of ery- 
thema niultiformc wnth visceral le- 
sions, the number of symptoms pres- 
ent in any given case varied between 
four and ten. i'urpura was noted in 
22 cases, urticaria in 17 cases, edema 
in 5 cases, erythema in 14 cases, fever 
in 14 cases, colic in 25 cases, vomiting 
in 15 cases, diarrhea in 5 cases, 
hemorrhages in 14 cases, nephritis in 
14 cases, albuminuria in 15 cases, ar- 
thralgic pains in 17 cases, endocar- 
ditis in 3 cases, and enlarged spleen 
in 3 cases. Various other manifesta- 
tions were noted in one or two cases 
only. In the first case there were 
edema, erythema, fever, colic, vomit- 
ing, hemorrhages (from the kidneys), 
nephritis (including the albuminuria, 
classified separately in Osier’s ar- 
ticle), arthralgic pains, and enlarged 
spleen; in the second case, purpura, 
edema, erythema, fever, hemorrhage, 
arthralgic pains, and the group of 
symptoms relating to the nervous 
system, coma, hyperesthesia, photo- 
phobia, etc. Hall (Boston Med. and 
Surg. Jour., Sept. 3, 1908). 

Erythema exudativum niultiformc has 
points of predilection. For the most part 
lesions are observed upon the backs of the 
hands and feet, the forearms, and the legs. 
Next in frequency they occur upon the 
region of the head, the cheeks and neck, 
and lastly upon the trunk, the chest and 
back, and the abdomen. In aggravated 


cases, or in those unusual types, the lesions 
may be observed in other parts of the sur- 
face. They are usually first noted upon the 
hands and fingers, and from these regions 
spread to other parts, and result in some 
cases (as recorded by Duhring) in an 
enormous involvement of the whole general 
surface. 

Death has been observed by Vidal and 
Leloir, and Molcnes-Mahon speaks of a 
number in which death also occurred. 

Appendicitis as a visceral manifes- 
tation of erythema exudativum mul- 
tiforme in 2 cases reported by the 
writer eight years ago. The matter 
of diagnosis is one of grave impor- 
tance. The attack of colic, the so- 
called abdominal crisis of exudative 
erythema, may easily lead the inex- 
perienced to make a diagnosis of ap- 
pendicitis when no such lesion exists; 
on the other hand, a more serious 
mistake may he made of overlooking 
the coexisting appendix trouble, un- 
less it is recognized that these amso- 
motor circulatory disturbances do at 
times result in congestion of, and 
even hemorrhage into, the appendix, 
w'itli the result that there may he bac- 
terial infection and inflammation or 
actual gangrene of this organ. Cheno- 
weth (Med. News, March 4, 1905). 

A girl of 18 suffered a frequently 
relapsing eruption thought to be E. 
mnitifornie. Steady deterioration and 
a severe anemia of secondary type de- 
veloped. The liver and spleen became 
enlarged, also the axillary and inguinal 
lymph-glands. There was albuminuria. 
Blood culture yielded Staphylococcus 
albus. Facial erysipelas preceded death. 
Kirschenblatt (Derm. Zeit., Feb., 1925). 

Diagnosis. — ^The fact that death can 
occur from this affection renders an exact 
diagnosis of especial importance. 

Eccema. — In papular eczema we may notice 
a symmetrical arrangement, hut usually the 
lesions are regular as to size and outline. 
They may retain their appearance, but are 
prone to become either vesicles or pustles. 
Their duration is rather more lengthened, 
and crusting is likely to result from the 
excessive exudation. 

Psoriasis. — Psoriasis is not likely to as- 
sume a symmetrical arrangement. It is more 
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likely to be covered with decided desqua- 
mations and to be of much longer duration. 

Tinea Circinata. — C* cinate ringworm is 
not usually symmetrical, is slower in its ex- 
tension, and more persistent in its character. 
The edges in this affection are usually well 
defined. 

SyMiilis . — Careful examination should be 
sufficient to make a correct diagiu>sis. The 
papular and other varieties wdll usually 
give some distinct sign of syphilis. 

Urticaria . — The lesions of urticaria are 
mostly uniform and of a white color, usually 
of short duration (rather evanescent) and 
are not likely to present different stages. 

P cm /'hi (/us . — The lesions of peniiihigus are 
bullous, always remain so, and depart as 
such, while they appear rapidly and are 
asymmetrical; they are not accompanied 
with much inflaniniatioii. 

Dermatitis Herpetiformis . — In this affec- 
tion the lesions are multiform (erythema- 
tous. vesicular, bullous, or pustular), are not 
symmetrical, and usually run a chronic 
course. 

Erythema Nodosum . — The lesions are deep- 
seated and nodular, arc usually observed 
upon the lower extremities (along the tibia), 
do not change in appearance, and are i)ain- 
ful (almost rheumatiform) at all times. 

Etiology. — The cause or causes of this 
affection are obscure. It presents a tend- 
ency to recur at certain seasons of the 
year (usually the spring and fall), and is 
probably influenced by climatic changes. 

Numerous cases are recorded in which 
the affection recurred at regular intervals, 
as, for instance, every year at the same 
time, every three months, at intervals of 
six or more months, or at longer stated 
intervals. All ages are affected, and the 
disease seems more greatly to attack young 
children and young females. 'I’here is no 
doubt but that certain affections predispose 
to its appearance, zda., rheumatism, gout, 
uremia, Bright’s disease, jaundice, diph- 
theria, and cholera. 

Case in which when pregnancy had 
been of a few weeks’ duration there 
was a severe attack of erythema mul- 
tiforme, the lesions in the early parts 
of the outbreaks being papular and 
erythematous, later of the iris form 
and vesicular, and finally bullous. 
This eruption persisted during four 


entire pregnancies, and continued for 
from four to eight weeks poH partum. 
Cottlieil ( Amer. Jour, of Obstel., April 
1010 ). 

'Idle writer refers to 14 cases of 
erythema inultiforme complicating vac- 
cinatitni, 7 of which were seen by him, 
W’hile definite C(Miclusi(^ns as to the 
causative agent could not be made, the 
analogy Ixnwecn these eruptions and 
hemorrhagic small]>ox w.is evident. 
The probable incidence of this type of 
eruption is estimated at approximately 
1 in 10,000 vaccinations. Eichenlaub 
(So. Med. Jour., Alar., 1020). 

Certain drugs taken internally may also 
be mentioned as a possible influence. 

Pathology. — Erythema multiforme begins 
essentially as an hyperemia, and is (luickly 
converted into an exudative inflammatory 
disorder. It can hardlv be classed as an 
essential and si)ecific disease, a fact which 
some authors claim if we can really believe 
that so many diverse conditions will pro- 
duce it. There is no doubt but that we have 
in the ])rocess a»i angioneurotic eUmient, as 
claimed by Scluviinmer, L(win, and Auspitz. 
Alany others have observed microorganisms 
in the blood and lesions. 

Prognosis. — All cases tend to rapid re- 
C(>ver 3 % although a number of relapses may 
occur. Deaths have been recorded, but when 
the large number of cases is taken into con- 
sideraliim this loss of life is very small. 

Treatment. — Internal treatment is to be 
directed toward the removal of the excit- 
ing cause where possible. All intestinal 
irregularities are to be remedied. Calomel 
is often efficacious as hepatic stimulant. 
Intestinal antiseptics such as salol, sodium 
salicylate and creosote carbonate arc often 
helpful. Any tendency to rheumatism 
must receive attention, and potassium 
iodide, recommended by Villemin, may be 
found of good service, 15 to 30 grains (1 
to 2 Cm ), thrice daily, as an absorbent in 
the vesicular and bullous form. Elliot 
says that it may, if given injudiciously, 
provoke an aggravation of existing condi- 
tions. In this class of cases, Atkinson, of 
Baltimore, relies upon salicylic acid and 
the salicylates. Cantrell frequently ob- 
tained excellent results with arsenic tri- 
oxide given during and between attacks. 
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Case of erythema multiforme, in a 
woman aged 27, that had existed from 
childhood, occurring every fall and 
disappearing in the winter. Intra- 
muscular injections of ^ grain (0.048 
Gm.) of cacodylate of soda, given 
twice a week for several weeks, com- 
pletely relieved the attack. Each in- 
jection was followed by relief and the 
disease disappeared entirely, leaving 
her in better condition, according to 

> her own statement, than she had ever 
been in since it first occurred. From 
his experience in this case the writer 
would recommend cacodylate of soda 
injections for trial in all cases of ery- 
thema, more especially in the angio- 
neurotic type. W. Cuthbertson (Jour. 
Amer. Med. Assoc., Jan. 6, 1912). 

Quinine is certainly demanded in those 
types which arc presumably the effect of 
malaria. Antistrumous remedies — such as 
codliver oil, phosphorus, and possibly 
strychnine — in those debilitated by such 
processes are valuable in the tubercular 
forms. 

Local measures, while possibly directed 
alone to the relief of subjective symp- 
toms, may also be found beneficial. Boric 
acid is of distinct value in this affection, 
and applied in a saturated watery solution 
gives almost instant relief from the itch- 
ing and burning that are occasionally ob- 
served. Schamberg recommends the fol- 
lowing as a sedative and antipruritic 
lotion : — 

R Resorcini 3j (4 Gm.). 

Acidi horici 3j (4 Gm.). 

Glyccrini f5j (4 c.c.). 

Zinci oxidi S-ij (8 Gm.). 

Spirit, vini red fSj (30 c.c.). 

Aqu<e q. s. ad fSij (60 c.c.). 

M. Sig. : Apply frequently. 

The sulphite or hyposulphite of sodium 

may often be used advantageously in the 
strength of from to 1 dram (2 to 4 Gm.) 
to the ounce (30 c.c.) of water. Ichthyol 
may be found of service in the vesicular 
and bullous types. At times stimulating 
remedies may act efficaciously, especially 
salicylic acid, carbolic acid, and sulphur- 
ous acid, in varying strengths of solution. 

In the urticarical type antipruritic lotions 
such as the above may be demanded. Mild 


cases may not require treatment, the sub- 
jective symptoms being very slight. 

Many striking illustrations of the 
beneficial effect of a restriction of 
nitrogenous food under certain con- 
ditions are found in the use of the 
so-called ‘‘rice diet,” which included 
hot boiled rice and bread at least 
twenty-four hours old. In severe ery- 
thema multiforme, in various acute 
inflammatory affections, in recurrent 
vesicular eruptions of the hands, in 
some eczemas, in the acute exacerba- 
tions of psoriasis, and in severe rheu- 
matoid arthritis, the “rice diet” caused 
a complete cessation of distressing 
symptoms and a disappearance of the 
lesions. L. Duncan Bulklcy (Trans. 
Amer. Med. Assoc.; N. Y. Med. Jour., 
June 15, 1912). 

ERYTHEMA NODOSUM.— Ery- 
thema nodosum is an acute inflammatory 
affection of the skin, characterized by the 
appearance of symmetrical, elevated, vari- 
ously sized, shaped, and colored nodular 
formations, accompanied by constitutional 
disturbance. 

Evidence is accumulating that asso- 
ciated or subsequent tuberculous lesions 
bear a causal relation to the skin dis- 
ease. Chauffard found a typical ery- 
thematous node develop at the point 
of injection of tuberculin in a tuber- 
culous girl. Landouzy discovered a 
tubercle bacillus in cutting an ery- 
thematous node, and guinea-pigs in- 
oculated with scraps from this node 
developed severe local and general 
tuberculosis. Jaquerod (Revue med. 
de la Suisse roni., June, 1916). 

From 1 insurance company, out of 
46 cases with previous histories of ery- 
thema nodosum, the writer learned that 
10 persons (3 males, 7 females) had 
later developed tuberculosis — 21.7 per 
cent. The interval between the two 
conditions varied from 2j4 months to 
12 years. H. J. Vetlesen (Norsk Mag. 
f. Laegevidensk., Nov., 1924). 

Erythema nodosum appears at the 
moment when the organism becomes 
allergic to tuberculosis. It represents 
a tuberculous eruption. A. Wallgren 
(Acta Pediatrica, Mar. 6, 1926). 
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Symptoms.— Preceding the appearance 
of the lesions of an erythema nodosum there 
is usually general constitutional disturbance. 
Chills, with an elevation of temperature, or 
myalgic or rheumatic pains may be en- 
countered. Duhring pointed out that edema 
may be one of the first symptoms, while 
visceral involvement — with, later on, lesions 
of the heart and kidneys — ^may be present. 
For the most part, the nodes arc localized 
upon the anterior surface of the shins, along 
the line of the tibirc, and are arranged 
symmetrically. They arc also observed, in 
exceptional instances, upon other parts, the 
arms, face, and chest, along the line of the 
ribs, and upon the abdomen. Pospelow, 
quoted by Elliot, noted similar involvement 
of the mucous membrane of the mouth. 
These nodes appear rather suddenly, de- 
veloping rapidly, and are of a light or rosy 
red color, but later become darker in ap- 
pearance, of a bluish or of a purplish tint. 
Appearing either singl)^ (usually) or in 
crops, the process ma}'^ extend over a period 
of from one to five weeks (or longer), 
although each individual lesion lasts only 
about six or eight days. While disappear- 
ing they assume various colors, from a yel- 
low to blue or purple, and closely resemble 
a bruise. During their height they have 
a tense and shiny look, and give to the 
touch an indistinct impression of containing 
fluid. They rarely suppurate, absorption 
generally taking i)lace, although this result 
has been observed by Haisholt and others. 
Dilatation of the capillaries has been ob- 
served by Lewin and Unna, w^hile Van Har- 
lingen has noted lymphatic involvement. 
Hemorrhage has, according to Dcnimc, 
been observed in a case in which gangrene 
also took place. They are always painful 
and at first are firm to the touch, although 
they soon become softer, as they are dis- 
appearing. Some authors have described an 
ominous form of the affection in which 
tuberculosis is noted. Occasionally erythema 
nodosum and erythema multiforme are co- 
existent, especially that variety of erythema 
multiforme in which papules are the pre- 
dominating manifestation. 

Erythema nodosum followed meas- 
les in 9 out of 300 cases. In most of 
the cases about ten to fourteen days 
had elapsed since the fiiSt onset of 
measles before the erythema nodosum 


made its appearance. In half the 
cases the first symptom was pain in 
the joints, follow^ed by the erythema 
in about twenty-four hours. There 
was no history of rheumatism or con- 
tact with rheumatic fever in any of 
the cases, and no rheumatic or cardiac 
lesions were found in any case. Joynt 
(Brit. Med. Jour., April 15 , 1911 ). 

Diagnosis. — While, with a careful survey 
of the lesions i)resented, as well as the con- 
comitant phciuanena, little cause may exist for 
diagnostic error, some instances do occur in 
which difficulty may be experienced. 

Contusions are likely to be single and do 
not present the deep nodular formations. 
The cause can generally be determined. 

Syl^hilis . — The syphilitic gummata, espe- 
cially the non-ulcerating variety, which often 
resemble erythema nodosum, are sharply 
defined, indolent, and occasion no pain. 

Erysi/^clns generally presents a hard, 
though diffuse, inflammation, instead of a 
more circumscribed character of swelling. 

llrythcmc indurc dcs scrofulcux is iu)t pain- 
ful, is asymmetrical, of longer duration, and 
tends to ulceration; it occurs in scrofulous 
subjects. 

Etiology. — Erythema nodosum is an af- 
fection of early life, although instances in 
which it has affected varying ages have 
been recorded. Out of a total of 108 cases, 
S. Mackenzie found 14 under 10 years of 
age, 69 between 10 and 30, 15 between 30 
and 40 year.s, and 10 over 40 years of age. 
Comby has presumably recorded the young- 
est, 14 months old. Most authors consider 
that the spring and autumn contribute the 
greatest number. Rheumatism accompanied 
many cases. Malaria was found to be a 
possible exciting cause by Boicesco. 

Six cases of erythema nodosum 
with exudation affecting the mouth or 
upper air-passages, occurring in per- 
sons years after syphilitic infection. 
The latter probably merely afforded 
a predisposition to the lesion. Mer- 
curial treatment is unnecessary. In 
the cases reported excellent results 
were obtained with potassium iodide, 
and in every instance there was a 
prompt and salutary reaction to 
salicylic acid. Trautmann (Munch, 
med. Woch., Bd. liii, Nu. 43, 1906). 
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The writer noted that the signs or 
history of chorea, endocarditis, or ar- 
thritis arc not found in more than 10 
per cent, of all cases of erythema 
nodosum. The disease differs from 
rheumatic fever further in that it 
more commonly attacks females than 
males, and is most prevalent in the 
autumn, winter, and spring, while 
rheumatism is most common in sum- 
mer. A long period of prodromal 
malaise, comparative freedom from 
the risk of recurrence, slight con- 
stitutional disturbance during the 
pyrexial period, and the presence of 
phlyctenuke in the eyes arc also char- 
acteristic of erythema nodosum. The 
arthritis may differ entirely from that 
met with in rheumatic fever, and it, 
together with the pyrexia and rash, 
are apparently only slightly influ- 
enced by the administration of 
salicylates. Symes (Brit. Med. Jour., 
July 27, 1907). 

Erythema nodosum was formerly 
classed among the rheumatic erup- 
tions with erythema multiforme 
and rheumatoid purpura. These 2 
conditions arc now recognized as con- 
stituting 2 distinct and separate groups, 
and erythema nodosum has been 
shown to be a disease standing in 
some sort of relationship to an acute 
outbreak of pulmonary tuberculosis. 
Erythema nodosum occurs only in 
tuberculous subjects, usually in those 
in whom the infection is still latent. 
It is the outward and visible manifes- 
tation of slight, attenuated, curable 
tuberculosis, and is of bacillary origin. 
Experimental observation confirms this. 
The inoculation of fragments of the 
erythematous tissue in animals ren- 
dered them tuberculous, and the his- 
tological structure is that of typical 
“tubercles."' The cuti-reaction is posi- 
tive; an exactly similar nodule can be 
provoked by injecting a minute quan- 
tity of diluted tuberculin into the 
dermis. Erythema nodosum is, then, 
a bacillemia which can, of course, be 
recovered from, but which is none the 
less an outbreak of bacillary infection, 
and must be treated as such. Marfan 
(Med. Press, July 3, 1918). 


Basing his opinion on personal ex- 
perience of about 100 cases, the writer 
contends that the disease is an acute 
specific fever. A prodromal stage with 
joint pains, languor, malaise, etc., 
occurs, the duration of which appears 
to average about 12 days. The author 
does not believe in a relationship to 
rheumatism, as salicylates have no 
effect, and there are never cardiac 
sequeke. A. A. Lendon (Brit. Med 
Jour., Apr. 4, 1925). 

Pathology. — Erythema nodosum is due 
to an inflammatory process at first active 
and later passive. Atkinson, of Baltimore, 
argues that it is an overcrowding of blood- 
and lymph- vascular spaces and exudation 
of blood-cells, both white and red. The 
process affects the entire skin, and is be- 
lieved by Kaposi to be a more fully de- 
veloped and stable urticarial wheal. 

Prognosis. — The prognosis is usually 
favorable. Relapses may occur or the pro- 
cess may be extended by successive out- 
breaks of new lesions. The usual length of 
each attack is from one to five weeks, al- 
though the individual lesions usually run 
their course in from six to eight days. 
Death has been recorded, but this is ex- 
ceptionally rare. 

Treatment. — The disease tends sponta- 
neously toward recovery, and it is very 
highly probable that constitutional meas- 
ures exert little influence. General dis- 
turbances of the constitution require ap- 
propriate attention. A bland diet should 
be advocated and rest in bed advised. 
Iron, quinine, phosphorus, acetanilide, and 
phenacetin are often beneficial. To reduce 
inflammation, relieve pain, and prevent 
complications, a solution of sulphite or 
the hyposulphite of sodium in water, 1 
dram (4 Gm.) of either to the ounce 
(30 C.C.), will be found useful. Ichthyol 
has also been of service in many hands 
(1 dram — 4 Gm. — to the pint — 500 c.c. — of 
water). Phenol, sulphurous acid solutions, 
lead water and laudanum, boric acid, and 
hot fomentations may also be mentioned 
as useful remedies when the others fail. 

The writers recommend rest in bed, 
with wet compresses of water, slightly 
alcoholic- and covered with absorbent 
wool. If the pain is very severe, apply 
petrolatum 40 Gm. (1% ounces), ex- 
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tract of belladonna 0.50 Gm. (JYz 
grains), and extract of opium 0.25 
Gm. (4 grains) as an ointment, and 
cover the limb. Sodium salicylate and 
potassium iodide are of value. If signs 
of tuberculosis arc present, open-air 
treatment is advisable, with good food 
and hygienic conditions. DckWde and 
Hallcz (Brit. Med. Jour., Oct. 7, 1011). 

In a case of erythema nodt)suni in a 
child of 28 months, in which the dis- 
ease had followed whooping-cough and 
bronchopneumonia, scarlet fever also 
developed, the nodes api)earing on the 
ninth day of the scarlatinal rash, and 
becoming purplish 2 days later. Anti- 
streptococcal (scarlatina) serum was 
injected iiitradermally into one of the 
nodules. A pale area was evident 
around the nodule and the case pro- 
ceeded to recovery. I’ercival (Edin- 
burgh Med. Jour., Nov., 1925). 

C. and S. 

ERYTHROL TETRANI- 
TRATE is a polyatomic organic nitrate 
which, as do all bodies of this class, detonates 
wdien struck with a hard body. In this par- 
ticular it is even more sensitive than gun- 
cotton or dynamite. Its dangerous activity 
may be developed when gently stirred with 
apparently harmless compounds. An explo- 
sion of erythyrol tetranitratc cost Mr Lewis 
Jones, a qualified cbcniist, his life, while en- 
gaged in stirring together in a mortar a mix- 
ture of erythrol tetranitrate and lactose. The 
((uantit3^ of the active drug served out to 
him Avas 4 ounces. 

Bradbury holds that the drug is perfectly 
safe unless rapidly heated or struck or 
mixed with some readily oxidizable body, 

Erythroi tetranitrate is solid and crystal- 
line, and melts at a temperature of 61 C. 
(142° F.). When pure it is colorless, and if 
kept in a dark and moderately cool place is 
fairly stable. If exposed to warmth, and 
especially sunlight, it rapidly undergoes de- 
composition, turning yellow and giving off 
nitrous fumes. 

PREPARATIONS AND DOSE.— The 

dose of the solid nitrate is to 1 grain 
(0.03 to 0.06 Gm.). It can be given in pill, 
tablets, or in alcoholic solution. Its solu- 
bility in water is slight, but it dissolves 
readily in alcohol and in ether. 


PHYSIOLOGICAL ACTION.— It is a 

vasodilator, and belongs to the group of 
which glyceryl trinitrate, known f.imiliarly 
as nitroglycerin, may be regarded as the 
tyiucal representative. Its action is slower 
and more lasting that that oi nitroglycerin, 
beginning in about fifteen minutes and last- 
ing for three to four hours. Blood- i)ressure 
experiments show that the nitrates of ery- 
throl and mannitol ha\e a less marked, but 
more prolonged, action than glycerol and 
glycol. 

THERAPEUTICS. — Bradbury speaks 
highly of its therapeutic properties in ward- 
ing off attacks of angina pectoris and in 
keeping down arterial tension in chronic 
BrighBs disease. In the former disease it 
is .sometimes necessary, to aveit the parox- 
ysms, to administer the remedy in steadily 
increasing doses. Garawav treated a case 
in which the patient finally took ](> dram 
(2 Gm.) in the day. that is, 6 grains (0.4 
Gin.) at 6 a.m. to enable him to dress at 8 
A.M.; () more at 10 a m., 2, 0, and 9 
together w’ith L»r, grain (0.0027 Cim.) of 
trinit rin at 10. vH) t*.m. to enable him to as- 
cend the stair and get t(' bed. This kept 
him in perfect health, barring the seizures, 
w'hich were ahvays at hand if a tabloid 
chanced to be omitted. No ])h\ siological 
effects whatever were at any time mani- 
fested. Walsham used it with good results 
in aortic regurgitation acctnnpanied with 
cardiac pain, and also in Raynaud^s disease. 

S. 

ESOPHAGUS, DISEASES OF. 
—MALFORMATIONS.— Congenital 
occlusion, due to the fact that during 
cmbryolog’ical development the in- 
vagination forniiiif^ the mouth fails to 
open into the posterior end of the 
primitive intestine ; diverticula, of 
similar orig^in, and fistula, due to in- 
complete closure of the branchial 
clefts, re])resent the main malforma- 
tions met with in this region. Con- 
genital nar^a'icing , due to abnormal 
thickness of the wall or to the pres- 
ence of membrane or web, and con- 
genital dilatation, are also, though very 
rarely, witnessed. 
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Case in which the patient had had 
trouble with swallowing for fifteen 
years. The examination disclosed, 
about an inch below the cricoid car- 
tilage, a thin web which surrounded 
the esophagus. It was in the form 
of a diaphragm with a small central 
opening. The nature of the web did 
not become clear until the writer put 
the mechanical dilator through the 
aperture, spread the dilator and 
pulled it back a little. The manipu- 
lation put the whole diaphragm on 
the stretch and made its real char- 
acter plain. The ring of tissue was 
then divulsed by pulling the dilator 
up. After this soft bougies were 
passed at intervals three times. The 
patient was quickly and easily cured. 
Mosher (Laryngoscope, Nov., 1911). 

Three unusual cases of congenital 
stenosis of the esophagus. The 
symptomatology of the cases was very 
similar and consisted in the follow- 
ing: When fed, the baby choked and 
the mouth and throat seemed full of 
mucus. The child sucked and swal- 
lowed well, but after a few minutes 
strangled and the feeding came up 
again. The stool consisted entirely of 
meconium. A catheter passed into the 
esophagus was arrested about 10 cm. 
from the gums and could be passed no 
farther. The children lost weight 
rapidly and died. An autopsy obtained 
in one of the cases showed the lumen 
of the esophagus to end sharply about 
one-third of the distance from the 
epiglottis. From here downward a 
narrow band replaced the esophagus 
to just above the cardia, where it re- 
appeared. In 4 other cases, in children 
who were respectively 11, 6, 3, and 
SYi years of age, there was only partial 
obstruction of the esophagus. The 
first 2 were due to congenital narrow- 
ing, the third to cardiospasm, the 
fourth to hysteria. All vomited solid 
food immediately after swallowing, and 
had been fed from birth on liquids. 
X-ray plates of the first 2 showed the 
lesions, while the plates of the last 
cases showed no evidence of narrow- 
ing. J. L. Morse (Archives of 
Pediatrics, July, 1912). 


In a case observed by the writer, the 
esophagus ended abruptly with a slight 
dilatation just above the level of the 
bifurcation of the trachea, having no 
connection with the latter at that 
point. At the same level, in the 
middle line posteriorly, a narrow tube, 
with a lumen of about 1 mm., opened 
from the trachea and gradually widened 
until it joined the cardiac end of the 
stomach. Theron (Brit. Med. Jour., 
Apr. 10, 1926). 

PEPTIC PERFORATING 
ULCER. — This class of ulcer is rarely 
met with in the esophagus, but its 
recognition is very important owing 
to its serious nature. 

Symptoms. — The most typical and 
constant symptoms of the condition 
are: Pain, which is severe and comes 
on immediately after food, the site of 
the pain being at the lower end of the 
sternum and a little to the left of it. 
Pain is also felt between the shoul- 
ders. Vomiting is the next most 
constant symptom. Dysphagia is 
present in more than half the cases. 
It is due to reflex spasm of the muscle 
of the esophagus from pain, and it is 
the main diagnostic point diflPerentiat- 
ing the condition from gastric ulcer. 
Hematemesis is also a very common 
symptom. (Miller.) The esophago- 
scope, carefully employed, will be help- 
ful in identifying this condition. 

Etiology and Pathology. — Regurgi- 
tated gastric juice or islands of gastric 
mucosa aberrant in the mucosa seem 
to underly this condition. The ulcer 
is usually single. It may extend into 
the stomach, and independent ulcers 
may occur in the stomach or duo- 
denum. The situation is usually 
close to the cardiac orifice, and the 
right posterolateral wall appears to be 
the commonest site. The condition 
is usually found in middle life. As 
regards sex, of 45 cases in which the 
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sex was specified, 31 were males and 
14 females. This preponderance of 
the ulcerations in the male corre- 
sponds to what one knows of duo- 
denal ulcer. 

Personal case and 14 on record in 
which the peptic ulcer was confirmed 
by autopsy. None of the cases had 
been correctly diagnosed. This is 
not surprising, as in only 5 cases were 
there any symptoms in the esophagus, 
pain or difficulty in swallowing, and 
in 3 of these gastric disturbances 
predominated. Regurgitation of the 
gastric juice into the esophagus was 
favored by stenosis at the pylorus or 
duodenum or by hour-glass stomach 
in 7 cases, and in most of them the 
cardia was much enlarged. In 8 of the 
15 cases there were coexistent gas- 
tric or duodenal ulcers. Dietetic 
measures should be instituted on sus- 
picion of peptic ulcer in the esoph- 
agus, or direct endoscopic local treat- 
ment. The most effectual measure, 
however, is prompt gastrostomy which 
rests the esophagus and gives it a 
chance to heal, thus warding off im- 
pending hemorrhage or perforation. 
Kappis (Mitteil. a. d. Grenzgebieten 
dcr Med. u. Chir., xxi, Nu. 5, 1910). 

Two cases of peptic ulcer of the 
esophagus. The ulcer in the first 
case perforated into the left pleura; 
in the second case no perforation oc- 
curred. In the first case a diagnosis 
of perforated gastric ulcer was made, 
and in the second a diagnosis of gas- 
tric ulcer. In both cases acute ab- 
dominal symptoms occurred; lapa- 
rotomy was performed, and nothing 
abnormal was discovered. Both cases 
ended fatally. C. G. Watson (Brit. 
Med. Jour., Nov. 2, 1912). 

Treatment. — As peptic ulcer of the 
esophagus is generally secondary to 
some lesion elsewhere, the latter de- 
mands attention. The ulcer itself 
requires the same treatment as gas- 
tric ulcer, as to drugs. Bismuth in- 
sufflated through an esophageal tube 
may serve also as an excipient for 


morphine or cocaine to counteract the 
pain, which is usually severe. Ap- 
plied a few minutes before meals, such 
a com])ination facilitates greatly the 
ingestion of food, thus antagonizing 
the tendency to emaciation. Silver 
nitrate should be avoided in these 
cases, as it tends to encourage the 
formation of cicatricial bands and 
therefore to ])roduce stenosis. After 
the ulcer has healed careful dilatation 
by means of esophageal bougies is 
necessary. In some cases, surgical 
measures become needful. 

Case of ulcer in the esophagus, 2 
cm. above the cardia, which first re- 
vealed its presence by symptoms of 
perforation and acute peritonitis. As 
it proved impossible to suture the per- 
foration and the patient was almost 
moribund, the writer drew ui) the 
gastric fundus and wrapped it around 
the lower end of the esophagus, 
holding it in place by a few sutures 
5 or 6 mm. beyond the perforation. 
The peritoneum w'as filled with a 
grayish, odorless fluid, but he drained 
it away and introduced besides into 
the peritoneum a large tube through 
a buttonhole in the iliac fossa on 
each side. The operation was com- 
pleted in fifteen minutes and as soon 
as the patient had been returned to 
bed, half sitting up, the writer con- 
nected one of the iliac fossa tubes 
with a lank of oxygen, thus flushing 
out the peritoneum with a continuous 
stream of oxygen, supplemented by 
proctoclysis, flushing the rectum with 
a continuous stream of hot saline 
solution through a two-way tube, and 
the ordinary stimulants. The pa- 
tient was a woman of 25 and her con- 
dition was very precarious for twenty- 
four hours, but then she rapidly im- 
proved and the oxygen was discontin- 
ued the sixth day. The eleventh day 
the temperature rose a little and very 
little pus escaped through the drains; 
so he connected one tube with the 
oxygen tank again, and pus poured 
anew out of the drains. The oxygen 
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was discontinued the fourth day and 
the patient left the hospital in good 
condition the thirtieth day after the 
operation. I'he author makes a point 
of connecting each of the drain-tubes 
in turn with the oxygen tank, extol- 
ling this continuous flushing with 
oxygen as a most important aid in 
drainage. Of the writer’s 12 patients 
with diffuse septic peritonitis treated 
with oxygen he was able to save 6, and 
still another recovered from the diffuse 
peritonitis, but succumbed later to an 
unsuspected complication. His pro- 
portion of recoveries has thus in- 
creased from 29 to considerably over 
50 per cent. L. Sencert (Archives 
gen. de chir., Nov., 1911). 

As stated by the writer, both X-ray 
examination and esophagoscopy are 
essential and mutually supplementary 
in diseases of the esophagus. The 
former should be done first, the 
fluoroscope also being employed, as it 
may prove sufficient. Barjon (Lyon 
nied., Mar. 10, 1922). 

PRESSURE DIVERTICULA 
(PHARYNGOCELES). 

Symptoms. — A pressure diverticu- 
lum may occur as the result of in- 
flammation or injury; the e.sophageal 
wall is weakened, a portion of it 
bulges out, forming a circumscribed 
sac, or hernia, through the muscular 
coat. While small, a pouch thus 
formed is hardly noticed, but, as 
small particles of food find their way 
into it, it is gradually enlarged, pro- 
jecting downward. It may become 
several inches deep, is usually elon- 
gated, and appears externally as a 
pear-shaped growth between the 
larynx and the sternomastoid muscle. 
It may, by its pressure, displace the 
esophagus and the larynx, causing 
violent coughing through pressure 
upon the superior laryngeal nerve, and 
dyspnea. The external swelling may 
suggest a goiter. (See cuts.) Dys- 
phagia, fetor of the breath, regurgita- 


tion of ill-smelling masses of sodden 
food, and local pain are experienced 
in severe cases. Death from inanition 
has resulted. 

Diagnosis. — A diverticulum may 
easily be recognized by palpation, 
especially when the patient is lying 
on his side, the tumor being upward. 
When it contains air, pressure upon 
it causes this to pass out and its size 
is reduced; when it contains food, 
pressure either causes marked lateral 
displacement of the esophagus or the 
food is forced up into the esophagus 
and mouth. It is often enlarged after 
meals. The sound may be used; it 
should be bent so as to enable it to 
enter the cavity, and be handled with 
great gentleness. (See annexed cuts.) 

The examination should be con- 
ducted in a routine manner, the 
esophagoscopc being used last, bear- 
ing in mind always the danger of a 
rupture of a possi])le aneurism. In 
making the exatnination with the 
X-ray, the introduction of a soft tube 
filled with shot (Mayer) may take 
the place of bismuth. 

In 4 of the 6 case.s reported by the 
writers there was an apparent over- 
supply of saliva, which they deem of 
pathognomonic significance. Advanc- 
ing age may furnish a reasonable 
cause for most of the diverticula of the 
esophagus, except for those caused by 
a previous inflammatory condition in 
and about the esophagus. The pouch 
is most likely to occur at the upper 
end of the esophagus^ because the 
direct pressure brought about by the 
act of swallowing seems greater in the 
intrapharyngeal region than elsewhere. 
Jewett and Lichty (Annals of Clin. 
Med., Dec., 1925). 

Etiology. — Inflammation and in- 
jury to the muscular coat are the pre- 
dominating factors. It is usually 
observed in men, and at the spot 
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where the pharynx ends to become 
the esophag^us. The congenital forms 
are usually situated near the inferior 
constrictor. 

Treatment. — The treatment of 
pharyngocele is essentially surgical, 
if cure is to be obtained. Interference 
with deglutition preventing adequate 
nutrition, the stomach-tube or rectal 
feeding must be employed, as in dila- 
tation of the esophagus. The great 
trouble with these cases is that de- 
composing food masses tend to pro- 
duce inflammation in and about the 
sac; lavage of the latter is therefore 
of great need. It is done much as is 
that of the stomach, the tube being 
passed into the diverticulum. The ap- 
plication of astringent and antiseptic 
solutions to the atonic mucosa is 
often of benefit, as is also the regular 
use of electricity by means of the 
esophageal electrode. Rest and gen- 
eral hygiene, which may have to be 
supplemented by the administration 
of sedatives and plentiful nourish- 
ment, should be insisted on. Fat is 
an especially important article of diet, 
and may conveniently be given in the 
form of melted butter or olive oil a 
short time before meals. The follow- 
ing are some of the foods which may 
be included in the dietary: Beef- 
juice, rich soups and broths, including 
those containing cream, eggs; puree 
of all vegetables which do not have 
tough fiber, among them being puree 
of spinach, beans, peas, celery, aspar- 
agus, and potatoes; milk and cream; 
cocoa, chocolate, coffee, and tea; 
eggs, raw or soft; scraped meat and 
fish chowder ; porridge made from 
thoroughly cooked breakfast cereals; 
a few sweets, such as bees’ honey; 
calf’s-foot jelly, and various simple 
custards. 


Where the diverticulum has not 
occasioned any symptoms beyond 
that of mild distress, we may content 
ourselves with occasional washing 
out of the diverticulum and care as 
to diet. Where, however, emaciation 
exists, the diagnosis having been 
firmly established, radical operation 
may be performed with success. 
Whether a previous gastrostomy 
should be done or not must be de- 
cided for the individual case, but 
enough information is at hand to 
show that the operation for pharyn- 
goesophageal diverticulum is readily 
performed and reasonably safe. Stet- 
ten has collected statistics of 60 
radically operated cases; of these, SO 
patients were cured and 10 died, a 
mortality of only 16.6 per cent. 
Mayer (Med. Record, July 2, 1910). 

IVehs of the esophagus may follow 
trauma or any disease which causes 
ulceration, and they may be of vary- 
ing size and cause symptoms in pro- 
portion to their size. They are situ- 
ated behind the cricoid cartilage, and 
neither the fluoroscope nor the X-ray 
may be able to detect them. Webs 
are best treated by cutting, aided, if 
necessary, by divulsion with the aid 
of the esophagoscope. The author’.s 
3 cases of cutting the common wall 
have shown that this procedure is 
easy of accomplishment, is probably 
safe, and results in a clinical cure. 
The best method of making a dia- 
gnosis is to give general anesthesia 
and to use the bougie and balloon- 
ing esophagoscope. Mosher (Surg., 
Gynec. and Obstet., Aug., 1917). 

TRACTION DIVERTICULA. 

This is a form of diverticulum 
which presents itself near the bifurca- 
tion of the trachea, in the anterior 
• wall of the esophageal canal. It is 
generally associated with inflamma- 
tion of the lymph-glands in this 
locality. Local inflammation fol- 
lowed by ulceration gives rise to 
cicatrices which by their contraction 
draw on the esophagus, i,e., exercise 
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Side view. A, larynx; B, pharynx; C, mouth of diverticulum; /), air in upper part of sac; 
/?, upper level of bismuth pap in sac; /•', hyoid bone. 



Front view. 

X-ray picture of large diverticulum. {William Kobtmofi.) 
(Practitioner.) 
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traction upon it, forming a cavity 
opening into the esophageal canal by 
a funnel-shaped orifice. 

Symptoms. — M echanical irritation 
is occasionally produced by the reten- 
tion of food, and ulceration may fol- 
low, attended by its usual complica- 
tion — perforation. A fistula between 
the esophagus and the bronchial tract 
may be followed sooner or later by 
pneumonia. 

The pleura and pericardium may 
also be reached. In the majority of 
cases the symptoms are slight; it is 
only on account of the possible mortal 
complications that traction diverticu- 
la demand attention. The X-ray and 
esophagoscope are as useful here 
for diagnostic purposes as in the form 
previously described. 

Treatment. — Surgical removal alone 
affords protection against possible 
complications. 

FOREIGN BODIES IN THE 
ESOPHAGUS. 

Foreign bodies frequently become 
impacted in the esophagus, fish- 
bones, pieces of meat, pins, tacks, 
artificial teeth, coins, and buttons 
representing the class of articles 
found in the majority of cases. 

Symptoms.— ^These vary according 
to the shape, size, and location of the 
impacted agent. A large mass, such 
as a piece of meat, may become en- 
gaged behind the larynx and hold the 
tip of the epiglottis down, completely 
closing the' laryngeal cavity. Here, 
intense dyspnea soon comes on and 
death from asphyxia may promptly 
follow. 

Again, a part of a bolus may in- 
vade the larynx and cause violent 
spasm ; asphyxia here beepmes pos- 
sible from two causes: spasm and 


reduction or total closure of the 
respiratory area. 

Small bodies in the esophagus may 
produce the same symptoms, but, as 
is the case with large ihasses, — meat, 
bread, etc. — they seldom give rise 
to dangerous symptoms, unless the 
larynx is involved by pressure, punc- 
ture, or the epiglottis is held down 
in some way. 

A new diagnostic sign of esophageal 
foreign body was contributed by the 
writer. Moving the trachea or the 
larynx toward the point of localized 
tenderness, as indicated by the patient, 
by pressure from the opposite side of 
the neck, causes a marked increase in 
tenderness and pain at this point while 
the foreign body is present. If the 
foreign body has passed on or has been 
removed, there will be little or no 
change in tenderness by pressure from 
the opposite side. This sign of a 
foreign body in the cervical esophagus, 
the place of lodgment of the great 
majority of esophageal foreign bodies, 
proved positive in a large number of 
cases during a period of 5 years at the 
Bronchoscopic Clinic of the University 
of Pennsylvania. G. Tucker (Jour. 
Amer. Med. Assoc., Feb. 14, 1925). 

Sharp or irregular bodies, — such as 
chicken-bones, tacks, etc., — when im- 
pacted only in the esophagus, — 
usually at its upper portion and im- 
mediately behind the cricoid cartilage, 
— only cause marked discomfort and 
severe pain, especially marked during 
deglutition; but these foreign bodies 
are attended with little or no im- 
mediate danger. 

The pain may radiate in various 
directions. 

Hemorrhage, or rather, slight bleed- 
ing, is occasionally produced. 

After some time, varying with the 
size and shape of the body, the acute 
suffering ceases and pain is only ex- 
perienced during deglutition. 
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If the impacted body is low down, 
which is frequently the case when it 
is small, it is. only at this time that its 
true location can sometimes be estab- 
lished, the sensations l)efore this bein^ 
misleading. But the pain even at this 
time may only indicate tlie location 
of a lesion produced by a roti^h or 
sharp body durinj:^;- its passa.qc to the 
stomach. Bronchoscopy and csopha- 
goscopy are so important in this con- 
dition that they should always be 
employed when the locatirm of the 
foreign body is at all in doubt or 
where it cannot readily be reached. 
The fluoroscope screen has also been 
used with profit. 

Tt is remarkable that more general 
use is not made of bronchoscopy and 
csophagoscopy, while too mucii re- 
liance is placed on roentgenoscopy. 

percussion and auscultation, and too 
little credence given the patient’s 
statements. In three personal cases, 
the presence of the foreign body had 
been denied by previous examiners 
while direct visual inspection re- 
vealed it at once. One patient was 
an elderly man who applied for 
a “remedy for his cough;” only by 
persistent (luestioiiing was it finally 
learned that his cough had come 
on after he had “swallowed some- 
thing the wrong way” some time 
before. Although there were no ob- 
jective findings, yet the bronchoscope 
showed three slivers of bone which 
were readily removed. Reiiiking 
(Deut. iiied. Woch., Nov. 30, 1911). 

In all cases in which a foreign body 
is either swallowed <ir inspired, a 
radiograph should be made by a com- 
petent person before any attempt is 
made at its removal. This is espe- 
cially important in cases of sharp 
bodies. If the foreign body is dense 
enough to be revealed on a plate, the 
diagnosis by this means is easy; but 
even in those cases in which a vege- 
table foreign substance is not opaque 
to the Roentgen-ray. a great deal of 


information can still be obtained. A 
grain of cfirn, for instance, lodged in 
the hronclnis will not east a shadow 
on a photographic plate, hut its pres- 
ence can usually he determined by 
the slight changes in the lung itself, 
caused by a localized pneumonia, or 
by a blocking up of certain air-cells. 
The same is true of vegetable foreign 
bodies in the esophagus; for while the 
Ixxly itself cannot he seen, informa- 
tion especially as to its location can 
he obtained by giving the patient bis- 
muth, either in the form of a capsule 
or in gruel, and watching the passage 
of the preparation down the esoph- 
agus with the lliioroscfipe. If a for- 
eign body is present, the bismuth will 
be stopped or at least hesitate at the 
obstruction. l.oweii ((Jhio State 
Med. Jour., July, 1911). 

Left ifi situ, foreign Ixidics always 
tend to create local lesions, unless, as 
sometimes happens, spontaneous ex- 
pulsion occurs after the primary local 
irritation and the .general excitement 
of the patient has ceased. 1-ocal in- 
Hammation is caused, the tissues 
become softened; abscesses arise 
which may burrow in various direc- 
tions, sometimes reachinj^ into the 
pleura, the jiericardium, the mcdiasli- 
num, or the larger vessels, includin.q 
even the aorta. The foreign body it- 
self may follow either of the channels 
formed and cause death by reaching 
any of the organs of the thoracic 
cavity. Needles particularly are 
prone to migrate in various directions 
and sometimes ai)pear at a s])ot quite 
remote from the gullet and totally 
disconnected with it as to continuity 
of tissue. 

A few patients having died from 
foreign bodies in the esophagus in 
the writer’s service, some lessons 
have been derived therefrom. Among 
them is the necessity for examining 
the opposite side of the esophagus 
when the foreign body is removed 
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from without. When it is large and 
has been impacted for some time the 
tissues are likely to be injured all 
around, and especially at both ends 
of the foreign body, so that the per- 
foration may be double and infection 
may occur from the side opposite the 
incision. It is sometimes wise to 
open into the esophagus from the 
opposite side, to explore the other 
side; the writer found this of great 
advantage in one case which cer- 
tainly would have terminated fatally 
without it. The first point to be 
ascertained is the nature of the for- 
eign body that has been swallowed, 
whether it has smooth or sharp edges. 
In one case the family related that 
the child had swallowed a cloth- 
covered l)Utton from her father’s 
underdrawers, and as there was not 
much disturbance, and the child was 
able to swallow fluid food and did not 
seem much incommoded, while the 
Rontgen picture showed the button 
lodged not far down, several days 
were allowed to elapse while a suit- 
able button catcher was being made, 
with which the button was finally 
safely removed. But instead of being 
as described, the button was of an- 
other kind and had sharp edges 
which had burrowed into the walls 
and the child died of sepsis two days 
later. Another lesson learned from 
his experience is that the Rontgen- 
ray examination should be done by 
an expert. In 1 case the radiograph 
was said to show the foreign body in 
a bronchus, and tracheotomy and 
bronchoscopy followed at once, but 
no trace of the foreign body could be 
found. Another radiograph showed 
the foreign body in the cecum. It 
had evidently been in the esophagus 
when first; seen. The foreign body is 
liable to induce spasmodic contrac- 
tions which renders dangerous any 
attempt at instrumental exploration. 
V. Uchermann (Jour. Amer. Med. 
Assoc., from Norsk Mag. f. Laegevi- 
denskaben, Dec., 1910). 

There may be no history of the 
accident. Cough and dyspnea, if 
present, indicate a foreign body in the 


air passages. Difficulty in swallowing 
points to the esophagus. A foreign 
body may be present in the absence 
of symptoms. A .pin impacted in the 
larynx 13 years caused only occa- 
sional fits of coughing. The only 
symptom may be a foul breath. A 
large foreign body in the esophagus 
may mislead the surgeon to perform 
tracheotomy because of dyspnea and 
stridor due to pressure on the trachea. 

The early symptoms, however, are 
as a rule sufficiently characteristic 
and localizing. In general the symp- 
toms are: (1) obstructive, from the 
size of the foreign body or from 
spasm; (2) irritative, produced by the 
presence of the) foreign body, or (3) 
inflammatory. H. Tilley (Lancet, 
cxciv, 283, 1918). 

Small bodies that pass into the 
stomach seldom g-ive rise to trouble, 
being usually passed per anum a day 
or two later. In ope of my cases, a 
child 3 years of age, the foreign body 
was a screw one and a half inches in 
length. It was passed on the third 
/day without having caused the least 
discomfort. Large bodies, especially 
if sharp and hard, may, however, 
give rise to highly dangerous compli- 
cations. 

Treatment. — It is important to bear 
in mind, in all such cases, that a 
scratch or erosion of the mucous 
membrane produced by a passing 
angular bone — a fishbone, a pin, etc. 
— gives rise to symptoms simulating 
the actual presence of such a body. It 
is quite difficult at times to convince 
the patient that there is nothing in 
his gullet. 

Cases in which dyspnea is a symp- 
tom demand immediate assistance. 1 
have found this to be afforded most 
promptly by passing the index and 
middle fingers of the right hand into 
the mouth (which makes it possible, 
to reach farther down than when one 
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finger is introduced) and inserting the 
middle finger into the left pyriform 
sinus. The middle finger is then 
passed rapidly behind the larynx. 
The portion of the foreign body in the 
esophagus is thus reached and gener- 
ally swept aside, drawing out of the 
larynx the part engaged in it or hold- 
ing down the epiglottis. If it is im- 
pacted, the index finger is brought 
into use, and by closing upon the 
middle finger a grasp is obtained ui)on 
the obstructing substance. In some 
cases the larynx is deep-seated and is 
reached with difficulty, but the mouth 
of the patient can stand considerable 
stretching, if need be, considering the 
imminent danger of death. This j)n)- 
cedure is, of course, only applicable 
in cases in which the foreign body is 
situated in the upper part of the 
esophagus and close to the larynx, 
but, as already stated, tliese alone ex- 
pose the patient to immediate death. 

When dyspnea is not ])resent, the 
laryngeal mirror often greatly assists 
in the examination of the cavities in- 
volved, and it is rare, with a good 
light, that a body situated not far be- 
low the larynx cannot be detected. It 
also assists in properly introducing 
and directing any instrument or for- 
ceps that may be introduced. Round 
and smooth articles may be pushed 
down with a probang when they can- 
not be extracted with forceps. The 
horsehair probang, Graefe’s coin- 
catcher, etc, are useful, but they must 
be used with gentleness. Emetics 
should never be used, since the con- 
tractions of the esophageal muscles 
tend to force the body through the 
walls of the organ. 

When fishbones, meat, or meat- 
bones are impacted, vinegar hastens 
their disintegration and small quan- 


tities may be sipped. Foreign bodies 
that have passed into the stomach are 
said to be assisted in their migration 
through the intestinal tract by the 
use of mashed potatoes as food, but 
this, of course,^ will depend upon the 
nature and shaj^e of the foreign body 
ingested. 

thilcss a cotiipctcnt esopliaj^ct^^cop- 
ist is at hand, the bristle bougie is 
the best device for removinjj: foreign 
bodies, such pins or fishljones, 
from ilie eso])hagiis. y\ foreign body, 
if not too large or rough, may be 
f)ushcd down into the stomach. 
When coins or similarly shaped 
bodies have lodged in the esoj)hagus, 
if their position can be ascertained by 
means of the esophageal bougie or a 
skiagraph, either the bent esophageal 
forceps or an eight- to twelve- inch 
hemostat may often be successfully 
employed in their removal, even 
when the csophagoscope has failed to 
locate the ofT'^tulmg object. The dis- 
tance from the teeth to the object is 
measured, the instrument passed to 
its vicinity, c>pencd anteroposteriorly, 
pushed gently for about an inch, and 
closed, and in most cases it will grasp 
or enclose the offending body. Un- 
less the esophagus is inflamed it is 
not very sensitive, and so anesthesia 
is unnecessary unless the patient is 
nervous. If thought necessary, co- 
caine from 10 to 20 per cent., in a 
1:4000 to 2:4(X)0 solution, may suffice. 
Ill children over 4 or 5 years, ex- 
citable adults, or spasm of the esoph- 
agus, ether is indicated. To pass the 
esophagoseopc the i)aticnt should be 
placed on tbc back with bis shoulders 
from four to six inches beyond tbc 
end of the table, the head bent back- 
ward and supported by an assistant. 
The moutb-gag is used and pressure 
on the trachea avoided. The essen- 
tials for successful passing of the 
csophagoscope are that at first the 
head be bent backward, so as to 
straighten the cervical curvature and 
bring the axis of the oral cavity paral- 
lel with that of the esophagus, but as 
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soon as the mouth of the esophagus 
has been passed the head must be 
brought slightly forward so that the 
instrument is directed downward and 
backward at an angle of about ten 
degrees. Ingalls (Amer. Jour, of 
Surg., Jan., 1912). 

Irreg:ular large bodies, tooth-plates, 
large bones, etc., when inaccessibly 
located, demand esophagotomy {vide 
supra) or gastrotomy (sec Stomach, 
SuRGEKY of). Tracheotomy is liable 
to give better results in the hands of 
the general practitioner than tedious 
attempts at extraction by the natural 
route, with the inevitable injury from 
them and the bleeding 

Esophagotomy is the modern 
method of treating cases of perfora- 
tion of the esophagus by foreign 
bodies. The case reported is a sad 
commentary upon the frequent fail- 
ure of ordinary attempts at removal 
in such instances. The foreign body 
consisted of a small piece of bone 
which the patient, a woman S3 years 
old, stated that she had been able at 
first to feel with the finger in the 
upper throat, A physician called 
^ three days afterward was said to 
have pushed down the bone with the 
stomach-tube, and in this way prob- 
ably caused so much damage to the 
esophageal wall as to lead to a severe 
infection and inflammation. When 
admitted to the hospital she was in a 
marked septic condition, with a phleg- 
monous process in the neck and 
mediastinum. Operation was at once 
resorted to, the mediastinum being 
opened on both sides and an abscess 
about the esophagus exposed and 
evacuated. This was followed by 
esophagotomy and introduction of a 
tube to pemiit of feeding. Convales- 
cence was rapid, the wounds healing 
except on the right side, where dis- 
charge of a purulent secretion per- 
sisted. On the twenty-ninth day, 
when the patient was no longer in the 
hospital, a profuse hemorrhage took 
place from the wound in the neck on 
the right side, which necessitated 


ligature of the right common carotid. 
The woman recuperated, but nine 
days later developed a cerebral 
abscess and basal meningitis, with 
fatal termination. T. Jurasz (Intern. 
Jour, of Surg., from Med. Klinik, Nu. 
31, 1912). 

An instrument having distal illumi- 
nation, is the best. Strict asepsis, a 
plentiful supply of swabs, and some 
form of suction apparatus for keeping 
the field free of mucus and blood are 
important in technique. 

As a rule urgent dyspnea demands 
immediate tracheotomy. The bron- 
choscope can then be passed' through 
this opening. If dyspnea persists 
after removal of the foreign body, in- 
tubation or in extreme cases trache- 
otomy may be necessary. Esopha- 
goscopy is as a rule not so urgent as 
bronchoscopy but is definitely indi- 
cated in all cases of lodged foreign 
bodies except in cases of traumatism 
or inflammation of the esophagus, in 
some cases of aneurism or serious 
vascular lesion, and in cases in too 
critical a condition to withstand the 
procedure. The mortality in skilled 
hands is very low, but the “occasional 
operator” will be a source of danger 
to the community. H. Tilley (Lan- 
*'ct, cxciv, 283, 1918). 

INJURIES OF THE ESOPH- 
AGUS. 

The esophagus is. often involved in 
injuries inflicted with suicidal intent, 
the ingestion of corrosive fluids and 
attempts at throat-cutting being the 
chief casualties of this kind met with 
in practice. Many accidents occur 
also through the accidental swallow- 
ing of acids or strong alkalies,— con- 
centrated lye, for instance, — or a 
household disinfectant, such as car- 
bolic acid, or, again, boiling tea or 
coflFee from the spout of a vessel. A 
corrosive substance taken by a suicide 
is usually taken hastily and thrown, 
as it were, far back into the mouth. 
Spasm of the larynx usually ensues 
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and collapse follows. The same ef- 
fect is generally, however, produced 
in accidental cases, and the lips, the 
gums, or even the front part of the 
tongue do not always indicate the 
severity of the lesions produced. If 
death does not immediately occur 
from laryngeal spasm, — i.c., asphyxia 
and shock, — severe pain is experienced 
and acute esophagitis (sec below) 
ensues. Wounds of this region due 
to accidents or military weapons arc 
extremely rare, however, but (me in- 
jury of the esophagus, for instance, 
having been recorded during the Re- 
bellion. The protected position of the 
esophagus anteriorly and posteriorly 
seems to account for this, the sternum 
and spinal column acting as shields. 
ESOPHAGITIS. 

Symptoms. — In cases arising from 
injury of the esophageal tissues pain 
is marked, csi)ecially during degluti- 
tion, unless the traumatism be of such 
a nature as to completely destroy the 
tissues and their nervous supply, as 
sometimes happens when caustic 
acids are swallowed. Under these 
circumstances slight pain in the pe- 
riphery of the disorganized mass is the 
general result, d'he jjaiii usually ex- 
perienced is continuous and dull, and 
usually follows the long axis of the 
sternum, extending to the back and 
neck. Motions of the head or shoul- 
ders sometimes aggravate it. At 
times it is burning, especially if the 
lesion is not deep-seated and when 
regurgitation of the acid gastric con- 
tents occurs. Spasm is frequent in 
such cases. A sensation suggesting 
the presence of a foreign body is com- 
plained of. 

After a lapse of time, varying with 
the gravity of the injury, hematemesis 
may occur, owing to the contraction 


of the muscular supply around the 
ulcerated areas that are undergoing 
the process of repair; but this is gen- 
erally of short duration. Large (plan- 
titles of mucus and muc(»pus are often 
voided. ^ 

The secpielcC of these cases are 
usually seriems. l^ven after slight in- 
juries, sometimes, cicatricial stenosis 
occurs that leads to esophageal stric- 
ture. 

The presence of blood in the b^id 
and localized pain suggest that a 
foreign body may be jiresent when no 
other clear indication is furnished by 
the hist(-)ry. 'This form often becomes 
phlegmonous and is usually attended 
by a febrile reaction. Pseudomem- 
brane may also be vomited: indica- 
tive of the form of stenosis present, 
'riirush, it must be remembered, may 
be attended by no other syinjitom 
than impediment to the passage of 
food. 

In some cases the local inflamma- 
tory symjitoms — difficult deglutition, 
the mucopurulent discharge, etc. — 
continue for some time. Such cases 
are termed chronic esophagitis by 
some authors. 

Diagnosis. — In traumatic cases the 
history and the symptoms render the 
diagnosis easy, d'he locati<->n of the 
pain usually points to the scat of the 
lesion; this may be veriiied by the 
passage of the esophageal sound: a 
dangerous procedure in severe in- 
juries. In acute esophagitis occur- 
ring in the course of febrile diseases 
a condition with which it may be con- 
founded is the irritation following 
repeated vomiting of acid substances. 
The discomfort resulting from this, 
however, is of short duration, while 
the symptoms of true esophagitis are 
continuous and more marked. 
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Etiology. — Almost all cases of 
acute esophagitis are due to mechani- 
cal and chemical irritation or destruc- 
tion by caustic acids, hot liquids, and 
foreign bodies. Cases due to the inges- 
tion of acids are often met in connec- 
tion with attempts at suicide, while 
the two latter exciting factors usually 
come into play accidentally. Carbolic 
acid is most frequently used by sui- 
cides, while the accidental agents are 
boiling liquids, concentrated lye, and 
spicules of bone. 

Acute inHammation also occurs as 
a complication of infectious fevers, 
typhoid fever, typlms, pneumonia, 
pyemia, small-pox, etc., while pseudo- 
membranous esophagitis may be 
caused by extension of a disease, such 
as diphtheria, in which a false mem- 
brane is present. Various pharyngeal 
disorders complicated with abscess 
may also extend to and involve 
the esophagus in the inflammatory 
process. Malignant neoplasms, espe- 
cially carcinoma, of the esophagus 
may be accompanied by acute esopha- 
gitis. Among the rare causes are; 
the prolonged administration of tar- 
tar emetic (Laennec), vertebral ab- 
scess, laryngeal perichondritis, and 
hysteria. 

It is occasionally met with in suck- 
lings without explainable cause. 

Pathology. — Desquamation of the 
epithelium and erosions are present 
when comparatively mild caustics or 
strong solutions of them have been 
swallowed, but, when such agents as 
pure carbolic acid, concentrated lye, 
etc., have been taken, the entire 
mucous lining may be deprived of its 
epithelium. It then becomes greatly 
swelled, and purulent infiltration 
usually follows the primary serous 
infiltration. The mucous layer may 


thus be detached from the underlying 
tissues. Foreign bodies may also 
cause deep-seated lesions and be sur- 
rounded by a cushion-like mass, caus- 
ing temporary esophageal stenosis. 
Gangrene occasionally follows, necro- 
tic masses being ejected, generally 
with vomitus. The local disorder oc- 
curring as complication of fevers, etc., 
is usually less marked, though diffuse 
purulent inflammation occasionally 
occurs. 

Treatment. — The treatment must 
necessarily be symptomatic since the 
inflammation is but the expression of 
local repair, though we may influence 
this process so as to avoid stenosis 
as after-effect. When one is fortu- 
nate enough to discover the cause at 
once, local measures may prove use- 
ful. If the lesion is due to some 
mineral acid, lime water should be 
used; if to caustic alkalis, vinegar is 
indicated. Iced fluids and, if the pa- 
tient can swallow, white of egg are 
particularly useful in all cases due to 
corrosion. An ice-bag around the 
neck often subdues the pain. 

Feeding, when possible, should be 
limited to cold, .soft, bland substances, 
preferably milk, soft-boiled eggs, or 
hard-boiled egg-yolk reduced to flour 
and mixed with the milk. If degluti- 
tion is difficult, the upper portion of 
the esophagus — which is usually the' 
seat of severest lesion — and the pyri- 
form sinuses (on each side of the 
larynx) can be slightly anesthetized 
with a spray of 4 per cent, solution of 
cocaine, applied with a curved-tip 
atomizer so as to localize it. Or, 
orthoform may be insufflated with a 
powder-blower in the same region; 
besides producing analgesia, this 
agent acts as an antiseptic. An injec- 
tion of morphine, one-half hour before 
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meals, also reduces markedly the 
local hypersensitiveness during deg- 
lutition. 

All these various measures are also 
indicated to relieve the continuous 
pain. Small pieces of ice allowed 
to melt slowly in the mouth afford 
comfort by causing constriction of 
the engorged vessels, and ice-cream 
is a very agreeable article of food 
which produces the same effect. In 
some cases the patient must be fed 
per rectum until disappearance of the 
acute phenomena. 

Chronic esophagitis may occur as a 
result of the acute form, but in most 
instances it is due to passive engorge- 
ment of the veins owing to obstruc- 
tion of the circulation through d\s- 
ease of some organ, the liver in 
cirrhosis, the kidneys in Bright’s dis- 
ease, etc. The engorgement may be 
such as to cause rupture of one of the 
esophageal veins and fatal hemor- 
rhage occur therefrom. Most cases 
occur in alcoholics. 

The writers urge the importance of 
Miniiigerode’s discovery of a light 
strip in the X-ray picture correspond- 
ing to air that had escaped through a 
perforation in the esophagus, or to gas 
generated in a supiiurative process. 
They describe 4 cases, 1 with spon- 
taneous subsidence of the disturbances 
after extraction of the swallowed bone. 
After th^* swallowing of a foreign body, 
repeated roentgenoscopy will reveal 
the first onset of escape of air through 
perforation of the esophagus wall and 
allow intervention in time to ward off 
serious trouble. Huizinga and Keijser 
(Nederl. Tijdsch. v. Geneesk., Sqpt. 
19, 1925). 

The treatment resolves itself into 
measures calculated to overcome the 
causative disorder. A milk or very 
low diet is indicated when the vari- 
cose state of the esophagus is marked, 


alcohol, coffee, tea, and other agents 
capa])le of raising the blood-pressure 
being strictly avoided. Agents which 
reduce the ])lood-pressure are useful 
to deplete the engorged vessels. The 
following mixture, which also con- 
tains a local sedative and astringent, 
may be used : — 

II Potassii hromidi .... 5ij (8 Gm.). 

7V. vrratri ^’iruhs . 3j (4 e.c.). 

Hismuthi suhnitratis . 3iiss (10 Gm.). 

Mucihuimis acacuc .. Jiiss (45 c.c.). 

Aqutc ciiinaiiiowi 

q.s. ad 3iv (120 c.c.). 

M. Sig. : Shake well before using, and 
sip 1 tablespooiiful on retiring. 

During the day the effect may be 
kept up by means of the following: — 

H Acidi tannici gr. j (0.06 Gm.). 

CocaifKc hydrochlor. . gr. (0.01 Gm.). 

Extraefi (jlyi yrrh i::tc . gr. i j ( 0. 1 5 Gm. ) . 

Sucrosi gr. j (0.06 Gm.). 

M. el ft. trochis('um no. j. 

.Sig.: Allow 1 to dissolve slowly in the 
mouth four times daily, between meals. 

STRICTURE OF THE ESOPH- 
AGUS. 

Symptoms. — Narrowing of the 
esophageal lumen — whether due to 
cicatricial contraction or to tumors, 
intramural or extramural ; aneurisms, 
etc. — is attended l)y gradually in- 
creasing difficulty in swallowing, 
referable, in the majority of instances, 
to a particular spot under the ster- 
num. At first solid food is passed 
with increasing difficulty, and the pa- 
tient finds it ncccs.sary to masticate 
with great care or swallow smaller 
boluses. A feeling of pressure is 
usually experienced as the food gravi- 
tates downward, which in some cases 
enables the patient to gauge the 
steadily decreasing rapidity with 
which the food reaches the stomach. 
Later on these masses require the 
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assistance of fluids, and finally only 
the latter can pass with ease. 

In 1 of 2 cases of obstruction of 
the esophagus witnessed by the 
writer, the first is of interest as 
showing the length of time a large, 
irregular-shaped, foreign body can be 
retained in the esophagus. The pa- 
tient, a man aged 34, had swallowed 
his upper false teeth during sleep, 
temporarily causing obstruction to 
swallowing. For nine weeks after 
that he suffered no pain except during 
the act of swallowing, which caused 
him some distress. Neither he nor 
his physician had located the foreign 
body in the esophagus, but it was 
shown by a skiagram. The shape of 
the body rendered its removal by 
direct traction inadvisable, on ac- 
count of the danger of injury to the 
esophagus and of possible cellulitis; 
it was therefore removed by an open 
operation at the side of the neck, 
which is described. Convalescence 
was uneventful. A. Bassler (Jour. 
Amer. Med. Assoc., March 15, 1913). 

The first effort at swallowing at a 
meal is generally the most arduous, 
the subsequent boluses passing with 
comparative ease. Various motions 
of the head are resorted to by the 
patient in the vain hope to assist 
the act of deglutition. As the diffi- 
culty increases, the patient gradually 
becomes weakened and emaciated 
through deficient nutrition. 

In stricture due to cancer the con- 
traction is rapid and death from 
pneumonia is not uncommon. When 
this does not occur, the tissues around 
the esophagus are gradually impli- 
cated by extension, and death occurs 
from marasmus due to general toxe- 
mia, this being greatly encouraged by 
starvation. The sense of hunger, 
however, is not acute. The vomited 
materials are often tinged with blood, 
and the general facies of the patient 
soon serves to indicate the presence 


of a malignant neoplasm. Glandular 
infiltration occurs late in the disease. 

Three cases of benign cryptogenic 
stricture of the esophagus which have 
occurred in the writer’s practice with- 
in a year. All were in the cervical 
part of the esophagus and the pa- 
tients w^ere women. One was 32 and 
the others each 67 years of age. In 
1 there was also a pocket which was 
opened. When an elderly or middle- 
aged patient complains of difficulty 
in swallowing it is usually apt to be 
diagnosed offhand as due to nervous- 
ness or cancer, according to the length 
of time it has existed. W. Lerche 
(Jour. Arncr. Med. Assoc., April 19, 
1913). 

Although about 60 per cent, of 
esophageal obstruction is due to car- 
cinoma, the writer says the other 40 
per cent, can be cured. Benign 
stenosis will go on to complete ob- 
struction if allowed to remain un- 
treated. Even a cardiospasm will 
cause death from prolonged lack of 
water and nourishment. X-ray ex- 
examination should be made in every 
case of dysphagia. If the diagnosis is 
not made at the first examination, it 
should be repeated at intervals of 2 or 
3 weeks. An invisible foreign body 
must be excluded as a cause of 
dysphagia. Osmond (Radiology, Oct., 
1925). 

Diagnosis. — Certain points serve to 
locate the seat of the stricture. Re- 
gurgitation of the food usually occurs 
immediately when the stricture is 
situated near the upper orifice. That 
the rejected food has not reached the 
stomach can easily be recognized by 
the absence of the characteristic odor. 
The material ejected is also alkaline 
instead of strongly acid : a valuable 
diagnostic feature. When the nar- 
rowing is low down the esophagus is 
dilated above, and the food is accu- 
mulated in the pouch-like cavity 
formed. Regurgitation, instead of 
occurring promptly after the inges- 
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tion of food, only takes place several 
hours later, and is mixed with con- 
siderable mucus. Here, again, the 
material ejected is not acid, having 
failed to reach the stomach. The ac- 
cumulated food sometimes causes 
dysj)nea by pressing upon the trachea. 

The X-ray method aided by an o])aque 
medium to aflford an outline of the 
esophageal canal permits an early 
recognition of the stricture. Esopha- 
goscopy is, of course, of great value 
in this connection. 

Stricture of the esophagus as a re- 
sult of increased mediastinal pressure 
is not an uncommon occurrence and 
is rightfully looked upon as an im- 
portant sign of mediastinal disease. 
Such a pressure upon the esophagus 
may be exerted by enlarged medias- 
tinal glands, malignant disease of the 
mediastinum, aortic aneurism, medias- 
tinal or spinal abscess, pericardial 
effusion, chronic adhesive iiiediasti- 
nitis, etc. Lange (Med. Rec., Jan. 16, 
1909). 

Esophagoscopy is comparatively easy 
in children, as the mouth of the 
esophagus is not closed, as in adults, 
but gapes rhythmically w^ith inspira- 
tion. In cicatricial stenosis the 'WTiter 
introduces a narrow bougie with the 
aid of the esophagoscope and leaves 
this bougie in place for a few hours. 
This prepares the way for sounds of a 
larger caliber, and it is thus possible 
to stretch the lumen to normal size 
in time in most cases. If not, cir- 
cular electrolysis through the esoph- 
agoscope renders invaluable service. 
He has had 54 patients with cica- 
tricial stenosis resisting all ordinary 
measures. Only 10 required gastros- 
tomy; all the others were cured by 
the above measures through the 
natural passages; 21 of the patients 
were children and all but 2 were 
cured. Guisez (Bull, de la Soc. de 
pediatric, June, 1911). 

The writer calls attention to an in- 
flammatory stenosis of the esophagus, 
occurring chiefly in men over 50 years 


old. The difficulty in swallowing is 
intermittent at first; after a few years 
it becomes permanent, and gradually 
even liquids do not pass through the 
esophagus. The disease at this stage 
may be mistaken for cancer. Incom- 
pletely chewed food seems to induce 
spasm of the esophagus, followed by 
stagnation of the food and inflamma- 
tion of the organ. This entails hyper- 
trophy or scleriqic degeneration of the 
mucosa, with consecutive stenosis. 
The disease may become complicated 
by cancer. X-ray examination, and 
esophagoscopy indicate the location of 
the stenosis. The treatment consists 
in repeated insertion of a filiform 
bougie, left for a few hours, continuing 
with bougies of a progressively larger 
size. Guisez (Bull, de I’Acad. de mod., 
Dec. 22, 1925). 

Auscultation of the csophag'us may 
sometimes be employed with aclvan- 
taj^e; provided, however, tlie exami- 
nation be conducted in a very (piiet 
room. The stethoscope i.s usually 
employed, but direct application of 
the ear ahmg the left of the spine — 
while the patient bring's his shoulders 
as close tog-ether anteriorly as pos- 
sible — is far more satisfactory. A 
peculiar, irregular, wave-like bruit is 
heard when liquid is swallowed, fol- 
lowed by a second splashing- sound as 
the fluid reaches the stomach. When 
a stricture is present the wave-hruit 
and the splashing sound arc varied in 
proportion, the latter being absent in 
some cases of advanced con.striction 
or replaced by repeated splashes fol- 
lowing- one another more or less in 
rapid succession. 

Far more precise, however, is the 
information acquired by means of 
the esophageal sound — especially the 
graded, olive-tipped, flexible bougie. 
The patient being placed upon an 
ordinary chair, (avoiding one with a 
high hack), the physician stands be- 
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hind him. He should use his left 
hand as guide for the instrument, by 
placing it on the patient’s face so as 
to bring the index and middle fingers 
over and parallel with the patient’s 
mouth. The patient’s head being 
tlirown ])ack, the bougie (warmed 
and lubricated with glycerin) should 
first be passed between the fingers 
and then introduced into the mouth 
perpendicularly — much as a sword- 
swallower introduces the weapon. 
The olive-tip, however, should not 
penetrate the csojdiageal canal by 
pasvsing orrr the larynx, but into the 
pyriform sinus on either side of the 
larynx. Each sinus affords a funnel- 
like aperture which allows the bougie 
to glide easily into the esophagus, 
without encountering the bodies of 
the cervical vertebra or the cricoid 
cartilage. The instrument should not 
be forced down, but allowed to drop 
into the cavity by reason of its own 
weight. The present method of in- 
troducing the instrument over the 
middle portion of the pharyngeal 
wall, and therefore over the center of 
the epiglottis and the posterior sur- 
face of the larynx, is defective, and 
accounts for the resistance usually 
encountered while introducing the in- 
strument. 

Frequently a spasm of the muscles 
causes the instrument suddenly to be 
arrested ; but after a few seconds this 
ceases and arrest only occurs at the 
.scat of the stricture. When this hap- 
pens the instrument should be allowed 
to remain in situ; after a few moments 
it often suddenly drops lower down. 
In some cases it is advisable to first 
anesthetize the pharynx and that por- 
tion of the esophagus within reach 
with a 4 per cent, solution of cocaine. 
When permanent arrest occurs below 


the larynx, the spot (gauged by length 
of bougie introduced) should be esti- 
mated and a slightly smaller bougie 
then tried. This is repeated until one 
is obtained that penetrates the open- 
ing — of which it affords an approxi- 
mate diameter for future comparison. 
In some cases only narrow catgut 
will pass. Gum-elastic stomach-tubes 
may be used, but they do not afford 
the exact information obtained from 
the olive bougie. It should not be 
used, however, when an aneurism is 
known to cause the stricture. 

Great care and gentleness should 
invariably ]>revail. The procedure is 
not devoid of danger even in the 
hands of an expert, softening of the 
tissues, especially in tlie low stric- 
tures, readily yielding to the pressure 
of the instrument. I have witnessed 
a case in which a pint of milk was 
thus introduced into the mediasti- 
num, as shown by the autopsy. 

The presence of stricture having 
been determined, the history almost 
invariably points to its original cause. 
The case should be completely ex- 
amined, however; a history of syphilis 
with tertiary pharyngeal symptoms 
may be obtained, for instance, and the 
stricture be ascribed to cicatricial 
stenosis, while in reality the true 
caUvSe may be an aneurism. All the 
etiological factors should be borne in 
mind and the prevailing one deter- 
mined by elimination. 

In stricture due to cancer the ste- 
nosis is usually situated where the 
left bronchus forms a ridge in the 
esophageal mucous membrane, but no 
portion of the canal can be said to be 
exempt. The vomited matter is often 
tinged with blood and the cancerous 
facies soon serves to establish the 
diagnosis. Emaciation is generally 
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very rapid. The possibility that a 
stricture may be cancerous imposes 
additional care in the use of the 
bougie, the friability of the cancerous 
tissues being such as to easily yield 
to even slight pressure. A stricture 
occurring after the fortieth year in 
a man whose history does not present 
strong evidence of syphilis, tuber- 
culosis, or local injuy is usually can- 
cerous. 

Etiology. — Stricture of the esopha- 
gus may be congenital, but it occurs, 
in the majority of cases, as a result 
of lesions produced by the ingestion 
of corrosive liquids. 

The frequency in children in Aus- 
tro-Hun/:?ary of corrosion of the 
esophagus from drinking lye is 
shocking. At the Stcfaftic hospital at 
Budapest there have been in the last 
nine years 516 cases of acute disturb- 
ances from this cause, and 267 
cases of cicatricial stenosis of the 
esophagus, all the result of leav- 
ing a solution of lye, ready to be 
used in washing, within reach of 
young children. 

The writer has found it pos- 
sible to examine the condition with 
the Roentgen rays by having the chil- 
dren swallow a soft porridge contain- 
ing 30 or 40 per cent, of oxide of 
zirconium. This substance is insolu- 
ble in acids, strong alkalies, etc., and 
seems to have no action when injected 
subcutaneously into animals, so that 
no toxic action need be feared fnmi 
it; for Roentgen work it has several 
advantages over bismuth. As the 
child swallows each mouthful of the 
porridge, the progress of the mouth- 
ful down the gullet can be watched 
with the Roentgen rays, and the re- 
gions where it passes along smoothly 
and where it seems to be arrested or 
makes its way slowly are marked and 
compared. By this means it has 
proved possible to detect multiple 
strictures. Flesch and Peteri (Jahr- 
buch f. Kinderheilkunde, june, 1911). 


Ulceration occurring as complica- 
tion of infectious diseases, particularly 
typhoid fever. Syphilitic ulceration 
of the esophagus, though, is usually 
followed by stricture varying in de- 
gree with the location of the ulcera- 
tion and the area involved. Impacted 
foreign ])()dies, masses of thrush- 
fungus, local tuberculosis, injuries — 
i.c., all condition^ capable of causing 
severe acute esophagitis — may act as 
primary causes. A greatly enlarged 
thyroid, an aneurism, an intramural 
abscess, enlarged lymphatic glands, 
growths of the mediastinum, etc., 
may also, by j>ressure upon the 
esophagus, reduce its lumen. C'ancer 
of the esophagus may act as cause. 

A comparatively frequent cause of 
stricture is squamous epithelioma: 
almost the only form {)f neoplasm en- 
countered in the esophagus. It is 
usually met with in men, and after the 
fortieth year. 

Pathology. — Tlie pathology of 
stricture varies with the cause, hut in 
practically all cases due to local 
lesions, cxce])ting cancer, tlic prevail- 
ing feature is the presence of cicatri- 
cial tissue. Jn cases originating from 
the ingestion of corrosive fluids the 
stricture is usually high, spasm of the 
esophagus generally preventing gra- 
vitation of the licjuid to the lower part 
of the organ. Jn all otliers, even 
syphilis, the chances are that the 
stricture — there is generally l)Ut one 
— will not be far from the lower third, 
or lower down. The extent of tissue 
involved varies frequently, and oc- 
casionally the whole lumen of the 
esophagus is more or less involved 
and distorted. In the majority of 
cases in which the stricture is low, 
there is sacculation or dilatation of 
the portion above the stenosis. 
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Prognosis. — In case of cicatricial 
stenosis the prognosis is quite favor- 
able under a])j)ropriatc treatment. 
Without treatment the contraction 
usually reduces the lumen sufficiently 
to prevent alimentation, and the pa- 
tient dies of slow starvation. Cases 
due to cancer are naturally hopeless, 
while the ])fognosis of cases resulting 
from pressure of surrounding growths, 
aneurisms, etc., dei)ends upon the de- 
gree of curability of the latter. 

Treatment. — The aim of the treat- 
ment is obviously to restore the lumen 
of the esophagus to its normal dimen- 
sions as nearly as possible, but in 
cancerous stricture this is hardly in- 
dicated, the neoplasm itself involving 
com])lications that bring on a fatal 
issue. For this reason a distinct line 
should be drawn l^etween cases of 
stricture due to cicatricial lesions — 
i.c,, injuries, syphilis, tuberculosis, 
etc. — and those due to a malignant 
neoplasm. In all of the former dilata- 
tion with the bougie may be said to 
be required as soon as a stricture has 
been recognized ; in cancerous stric- 
ture the procedure should not be 
resorted to. It but inflicts severe 
suffering upon the patient and in- 
volves additional risk. 

The writer coninicnds the regular 
passage of bougies as affording much 
comfort to the patient and enabling 
him to take a much larger variety of 
food with ease. Where the stenosis is 
increased by spasm, much help is ob- 
tained by the use of the bromides in 
addition. Thiosinamine was used with 
success in some cases of cicatricial 
stenosis in conjunction with the 
bougies, being given hypodermically 
twice a week for some weeks in each 
case. Walker Downie (Glasgow Med. 
Jour., June, 1912). 

In 14 cases of practically impass- 
able cicatricial stenosis of the esoph- 
agus, the writer resorted to retro- 


grade catheterization. An opening is 
made into the stomach and then 10 or 
15 days later, a fine catheter is passed 
up into the esophagus from below, 
under direct visual control through 
the gastrostomy. This allo\Vs a 
thread to be drawn through the 
esophagus, and a fine rubber tube, 
tied to this thread, can also be passed. 
The thread tied to the tube is left till 
the next day, when the progressive 
dilatation is continued. Sencert (Bull, 
de TAcad. dc mcd., Paris, March 12, 
1918). 

In 1920 the writer introduced a pre- 
ventive treatment of esophageal stric- 
tures caused by ingestion of lye. Out 
of the 226 cases treated to date, 214 
^vere cured, 3 died on the first day, 4 
died from pneumonia, 5 from perfora- 
tion. lie washes the stomach with 
water and gives a fluid diet. Introduc- 
tion of the stomach tube begins from 
the second day but not until the fourth 
day if there is fever. The soft stom- 
ach tube is filled with fine shot. At 
first it is left for only a few minutes. 
After 6 days it may be left for half an 
hour. Even 4 year old children learn 
to introduce the tube themselves. The 
patient is given soft food in the 
second w'eek and ordinary food in the 
third. Deglutition is painless in a few 
days, lie compares the fine results of 
this early treatment wdth the inevitable 
strictures under expectant treatment. 
Salzer (Wiener klin. Woch., Mar. 12, 
1925). 

Cicatricial stricture may be ex- 
pected in all serious injuries of the 
esophagus. Hence, after an accident 
or a local disorder known to be fol- 
lowed by cicatrization, stenosis should 
be prevented by dilatation with 
bougies employed in the manner in- 
dicated under Diagnosis. Dilatation 
should he begun as soon as there is a 
reasonable evidence that an ulcera- 
tive process no longer exists, and be 
repeated daily, beginning with a 
medium-sized tube and ending with 
one representing the normal diameter 
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of the esophagus. The surgeon 
should not wait until symptoms of 
stenosis appear, since this often oc- 
curs only after considerable narrow- 
ing of the lumen. In some cases 
stenosis returns as vsoon as tlie bou- 
gies are not introduced, and the pa- 
tient is required to personally use the 
instrument during the rest of his life. 
Whether begun early in the history 
of the case or late, the procedure is 
generally effective, but in old cases 
the tissues yield with difficulty and 
sometimes greatly tax the patience of 
surgeon and patient. It is sometimes 
necessary to begin with catgut, which 
can be left in situ until the following 
visit, when the smallest bougie can 
often be introduced. The catgut does 
not prevent the passage of liquids and 
the ])atient can be fed as usual. As 
large a bougie as the stricture will 
admit is then introduced every day, 
and a larger one substituted every 
few days until the largest number is 
easily passed and retained several 
hours daily. 

In simple cases dilatation with 
bougies is used, preferably slow, from 
a few hours up to twenty-four hours. 
Complex cases require visual search 
to find the lumen (endoscope), which 
is usually lateral. Dilatation is insti- 
tuted. Brimings has dcvi.sed special 
probes for this internal esophago- 
tomy, either with the csophagotome, a 
Guisez guide, or with hidden blade. 
Sargnon (Arch, intern, de laryn., d’- 
otol. et de rhin., Sept, and Oct., 1912). 

Dilation of fibrous strictures can be 
greatly hastened by the use of elec- 
trically heated bougies. A bougie 
fitting the stricture tightly is warmed 
to 40° C. and kept in the stricture at 
that temperature for 30 minutes. 
After its removal, the tissues being 
hypcremic, edematous and softened, 
the dilatation is resumed at once with 
unheated flexible bougies. Dean (An- 


nals of Otol., Rhinol. and Laryn., Dec., 
1921). 

Permanent tubage of the esophagus, 
introduced l)y Symonds, of London, 
has won much favor. The tubes are 
‘'from 4 to 6 inches in hmgth and are 
made of guni-clastic upon a silk web, 
the outside and inside being as 
smooth as ])ossi])le. The u])per end 
is funnel-.shaped so as to rest uj)on 
the face of the stricture, and slightly 
flattened on one side (that it may not 
press unduly against the back of the 
cricoid), and the margin is perforated 
in two ]daces for the attachment of a 
silk thread. The other end is hollow, 
with a lateral o])eiiing. d'he tu])e can 
be introduced upon a bougie, but it is 
more easily managed with a proper 
whalebone guide set in a suitable 
handle. The exact site of the stricture 
is ascertained first and marked upon 
the guide ; the greate.st gentleness 
must be used, and as soon as the point 
enters the narrowest part the tube is 
slowly pushed onward until the resist- 
ance to the funnel is felt ; the guide is 
then withdrawn and the silk thread 
attached to the tulie tied around the 
ear or fastened with stra])ping. A 
tube of this kind can be left for two 
or three months without being changed, 
the patient swallowing licjuid food 
through it. As a rule, however, it 
is necessary to remove the tube after 
three or four days, as the stricture 
always dilates to some extent, and 
sometimes this must be repeated. 
Even if it vshould slip through, it 
will pass per anum or remain lodged 
in the stomach without inconvenience” 
(Mansell-Moullin). This method is 
said to be devoid of risk to life, and a 
sufficient amount of food can readily 
be ingested. 

When these short tubes cannot be 
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used or when they cause cough dur- 
ing deglutition Krishaber’s or Morell 
Mackenzie's long tubes, or, better 
still, a long, cathetcr-like rubber tube 
can be employed and left in situ several 
days at a time. 

A procedure for passing very tight 
strictures of the esophagus, described 
by the writer, consists in the use of a 
slender (4 mni.) steel wire with a tiny 
olive tip or bead. The wire is pushed 
through a metallic tube slightly broader 
than the tip. The tube is curved to 
conform to the pharynx and introduced 
with the left hand like a bougie. The 
tip is worked through the stricture 
with the right hand, the tube being 
made to follow it as soon as it has 
advanced any distance. Whenever the 
tip is in the tube its rubbing against 
the latter gives notice of the fact to 
the operator. Dilatation of the stric- 
ture is effected by withdrawing the 
tube, gradually slipping larger-sized 
olives on the wire and pushing them 
through the stricture with the aid of 
the tube. Sciffert (Monats. f. Ohren- 
heilk., Nov., 1921). 

Operative procedures are some- 
times resorted to. 

Internal esophagotomy, an opera- 
tion based on that of urethrotomy, 
wherein the cicatricial bands arc cut, 
has not given the satisfactory results 
claimed for it. It is only warranted 
in cases of annular stricture. Esopha- 
gostomy is preferred when the stric- 
ture is high enough to be reached 
through the side of the neck, the inci- 
sion being made between the pharynx 
and larynx on the left side, toward 
which the esophagus leans in this 
region. The trachea then finds itself 
on one side of the incision and the 
carotid sheath on the other. The 
location of the stenosis having been 
determined, it is as nearly as possible 
made to correspond with the upper 
part of the incision, which should also 


include the esophagus. Sometimes 
the omohyoid must also be incised. 
A rubber tube is then introduced, and 
the permanent fistula formed serves 
for its easy introduction and with- 
drawal. The patient can thus be 
easily fed, the tube passing under the 
stenosis. The operation is not an easy 
one, owing to the proximity of large 
vessels and other easily wounded 
.structures. 

In cancerous stricture it is inad- 
visable to pass bougies, as already 
stated ; but a soft-rubber catheter 
with large fenestra, passed every 
other day or oftener, often serves to 
keep the passage open. It may also 
be left in situ and serve for the intro- 
duction of liquid food. Rectal feed- 
ing should be resorted to when esoph- 
ageal alimentation becomes impos- 
sible, but when rectal feeding in turn 
becomes insufficient — which often 
happens when continued several weeks 
— gastrostomy should be resorted to. 
Through the opening thus obtained 
to the interior of the stomach it is 
possible to very satisfactorily supply 
the patient with all the food he re- 
quires. The improvement is usually 
rapid, and comparative comfort is in- 
sured until the toxic effects of the 
neoplasm bring on death. 

The history of the case and ex- 
amination with simple instruments 
soon clears up the diagnosis, but 
little can be done in treatment. A 
gastrostomy affords but temporary 
relief, although this spares the cancer 
the irritation from passage of food 
and thus has a marked palliative in- 
fluence in addition to its permitting 
feeding. But the general toxic action 
of the malignant disease is not checked 
and it is seldom possible to keep the 
patient alive for more than two or 
three years. The retention canrula 
suspended in the stricture has not 
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given good results; gangrene from 
pressure may occur, and the p^rowth of 
the tumor pushes the tube up out of 
the stricture. The same objections 
apply to Senator’s and Schreiber’s 
dilators. Belter results were obtained 
with the cautious use of ordinary 
■ sounds. Local application of radium 
has not given good results. When 
emaciation begins systematically the 
writer advises an operation rather than 
to let the patient drift away with 
nothing done, and thus gives him a 
longer lease of life. Ewald (Med. 
Klinik, Dec. 15, 1912), 

The writer reported 4 cases in which 
the entire esophagus was reconstructed, 
with excellent functional results. In a 
fifth case of lye stenosis the patient suc- 
cumbed to pleural empyema after mere 
esophagostomy. The i^atients were all 
young adults, and the neVv subcuta- 
neous esophagus was made from a 40 
cm. segment of the jejunum. He en- 
closed it in a skin tube extending 
above and below the suture points. 
The whole procedure took about V/j 
years. J. Jankovskis (jour, de Chir., 
June, 1925). 

DILATATION OF THE ESOPH- 
AGUS. 

Etiology and Symptoms. — Dilata- 
tion of the esophagus may be congeni- 
tal, as stated, but in the majority of 
cases it occurs as the result of stenosis 
of the lower end of the tube, which, by 
its resistance to the passage of food, 
causes its accumulation in the esoph- 
ageal canal. To compensate for this 
the walls become greatly hypertro- 
phied. This condition is followed, as 
elsewhere, by softening, which in turn 
causes the canal to yield to the pres- 
sure of its contents, and to become 
greatly enlarged. 

Remarkable esophageal dilatation ob- 
served. It was fusiform in shape, the 
smaller portion of which extended as 
high up in the neck as the cricoid 
cartilage. The esophageal sac held 
as much as 1750 c.c. of water. Fried- 
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enwald, Cotton and Harrison (So. 
Med. Jour., Sept., 1917). 

Generally, small quantities of food 
are ])a.ssed into the stomach at a time, 
and the pouch-like cavity becomes 
gradually emptied between meals. 
But regurgitation occurs when this 
process is too slowly performed, and 
the frequent invasion of the larynx 
by the food thus brought up causes 
.strangling and cough, besides the 
dysphagia which the patient simultan- 
eously experiences. 

Cases of esophageal dilatation arc 
frequently but erroneously referred 
to as examples of cardiospasm. His- 
tologically there is found no hyper- 
trophy of the muscles of the cardia 
such as might be expected if spasm 
had occurred. The diagnosis is made 
with a bismuth meal. Shaw and Woo 
(Lancet, Dec. 2, 1916). 

Mcltzer’s swallowing sound is help- 
ful, when detected, in identifying the 
case as one of dilatation. 

Both cardiospasm and idiopathic 
dilatation of the esophagus arc pres- 
ent if Meltzer’s swallowing sound is 
clearly heard cither immediately or 
seven seconds after deglutition. Car- 
diospasm is frequently present if it is 
considerably delayed from 12 to 20 
seconds after swallowing water, or if 
it is now delayed and now absent. 
Einhorn (Med. Record, March 1, 1913). 

The bougie may be used to advan- 
tage, the large dimensions of the 
cavity and the narrow orifice met 
below being characteristic. Side- 
pouches may cause the sound to be 
arrested if it is not introduced per- 
pendicularly or if divStention of the 
canal is present. 

Typical example of the “pulsion” 
diverticulum and of diffuse dilata- 
tion in the upper and lower parts of 
the esophagus. In the one case the 
father of the patient had a similar 
affection, confirming the congenital 
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tendency to special weakness of the 
muscle at the junction of the pharynx 
and esophagus. The physiological 
internal pressure in the esophagus, 
^ to propel the food along, causes pro- 
trusion of this part of the wall, with 
formation of a diverticulum in time. 
As it is due to the propulsion of the 
food, it is called a “pulsion” diver- 
ticulum. The disturbance in swallow- 
ing, regurgitation, tumor in the neck 
and murmur suggested the diagnosis, 
which was confirmed by Roentgen- 
ray examination. F. Umber (Arch, 
fiir Verdauungskrankheiten, Feb, 1910). 

Treatment is futile unless any 
stricture present be itself reduced, 
either by the sound or by surgical 
removal of the constricted area. 

When strictures can be completely 
eradicated, the esophagus tends *to 
resume its normal caliber, but this is 
aided by galvanism, the positive pole 
being passed into the esophagus and 
the negative applied externally, pref- 
erably between the shoulder-blades. 

A dilated esophagus allows rem- 
nants of food, layers of mucus, etc*., 
to attach themselves to its walls and 
,to accumulate in the fundus of the 
pouch formed. The latter should be 
washed out daily with warm water 
through a stomach-tube. If the lower 
stricture is narrow, much of the fluid 
containing the offending substances 
is returned. After each meal the pa- 
tient should perform exercises con- 
sisting in couipression of the chest 
after deep inspirations to force food 
into the stomach. 

The cardinal feature from the start 
is to nourish the patient. Fluids, 
milk, cream, soft-boiled eggs,’ and 
other semifluid foods can be ingested, 
and if taken in small quantities and at 
intervals, pass, though slowly, until 
the stricture is too narrow even, for 
small sounds. Swallowed with the 


usual speed, even such food accutuu** 
lates, and is' regurgitated, fusing 
sometimes dangerous strangling. If 
food no longer passes alone, a Sym- 
onds tube can be used, or rectal feed- 
ing resorted to, pending surgical re- 
moval of the strictures. 

Insufflations of finely powdered 
tannin and bismuth, equal parts, are 
sometimes helpful after washing out 
the esophagus, to promote contrac- 
tion. 

Analysis of 91 cases of diffuse dila- 
tation of the esophagus treated by 
dilating the cardia with the hydro- 
static dilator, no anatomical stenosis 
having been detected. Four of the 
patients died after treatment, the 
known causes being pneumonia, tuber- 
culosis, and rupture of the esophagus, 
with the cause unknown in 1 case; 
73 were completely relieved from 
their dysphagia and 11 were not. The 
cures have lasted from 1 to 7 years. 
H. S, Plummer (Jour. Amer. Med, 
Assoc., June 29, 1912). 

Case in which 8 cm. of esophagus 
could be pulled down into the ab- 
domen. The esophagus was fastened 
to the diaphragm with 3 sutures, and 
a longitudinal incision 4 cm. long made 
in it in the cardial region and sutured 
transversely. A cure resulted, fluoro- 
scopy later showing the esophagus as a 
straight channel to the stomach. Sen- 
cert and Simon (Rev. de chir., lix, 355, 
1921). 

Idiopathic dilatation of the esoph- 
agus was observed by the writer 4 
times in less than a year. In one a 
sarcoma had developed secondarily. 
Great benefit was realized in one case 
by dilating exercises with 2 bougies at 
a time. The woman was taught to 
continue these herself, and there is no 
dysphagia or other symptom. Cascao 
de Anciaes (Lisboa M^dica, Sept, 
1925). 

CARCINOMA OF THE ESOPH- 
AGUS. — This form of tumor is rela- 
tively rare in the esophagus, Walsfee, 
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yiot example, having found but 13 
cases out of 8298 deaths from car- 
eihoma. This does not include, how- 
ever, cancer of the cardiac end of the 
stbmath, which is usually considered 
as cane^ of the latter organ. 

The esophagus, appears to be invaded 
but rarely by cancerous growth, for, 
out of a series of 722 cancers in all 
parts ctf the body, only 6 were found 
in the esophagus. It seems to enjoy a 
certain degree of immunity from neo- 
plasmic invasion in contrast with the 
organs lower in the alimentary tract, 
Zenker and von Zienissen have col- 
' lected reports of 5079 autopsies, of 
which 0.36 per cent, showed esoph- 
ageal cancer and 025 per cent, were 
primary. W. T. Cummins (N. Y. 
Med. Jour., Feb. 15, 1908). 

Symptoms. — Cancer of the esoph- 
F agus is attended with progressive 
stenosis, as already stated under the 
head of Stricture of the Esophagus. 
In some cases, howeyer, the facies of 
the patient and cachectic symptoms 
denoting the involvement of other 
organs are first to appear. Pain is 
. marked early in the cases ; later on 
the tissue destruction involves the 
nervous supply, and the pain is no 
longer experienced. Slight hemor- 
rhages may occur at this stage, 
though streaks of blood may have 
already been noted in the vomited 
, i^iatter. The cancerous process is 
then apt to invade the surrounding 
v eargans, — ^the larynx, the trachea, the 
bronchi and the lung, the pleura, the 
fi pericardium, and the larger vessels, — 
cajU^ing fatal hemorrhage* The cer- 
vical glands are often enlarged. The 
rAj&f'eriebrae may be included in the de- 
process and involvement of 
the cord, with paralytic symptoms, 
" appear. Paralysis of tbt larynx may 
also occur through pressure on the re- 
current laryngeal. Progressive ema- 
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ciation begins early in the history of 
the case and death from exhaustion 
finally supervenes. 

In 78 of the 104 cases of cancer of 
the esophagus reported, progressive 
difficulty in swallowing was the first 
sign of trouble. There was no pain 
in 61 cases, but in 5 cases pain pre- 
ceded the dysphagia by a few days 
and in 11 cases they came on together. 
In 29 cases there was no pain until a 
month or two after the difficulty in 
swallowing had developed. In 19 of 
the 40 cases with pain It occurred only 
while food was being swallowed; in 
the others it was continuous. Regur- 
gitation was the rule; it was absent in 
only 17 of the total 104 cases. The 
appetite remained good in 70 per cent, 
and there was distaste for meat in only 
4 cases. The cancer proved fatal in 
most cases between six and twelve 
months, but in a few, in from two to 
four months. 

Cancer is differ entiated from spasm 
of the esophagus by the rapid se- 
quence of the disturbances, gastros- 
tomy becoming necessary in from 
one to four months, while spasm of 
the esophagus may persist for years 
without requiring this. Copious sali- 
vation and mucous vomiting are aids 
in diagnosing. In 1 case a woman of 
28 had an evident spasm of the esoph- 
agus, but its persistence, notwith- 
standing great fluctuations, indicated 
an underlying organic lesion, con- 
firmed by direct visual inspection and 
death in 5 months. L. Lanny (Arch, 
des mal, de Tapp, digestif, Aug., 1910). 

Carcinoma of the esophagus, in a 
case reported by the writers, gave 
practically no symptoms until a short 
period before death. A fistula be- 
tween the esophagus and bronchus 
had existed for some time, food pass- 
ing into the latter and finally caus- 
ing bronchiectasis. This, in turn, 
caused small pulmonary hemorrhages 
and cough, thus simulating tuber- 
culosis. Guttman and Held (Med. 
Rec., June 10, 1916). 

Laryngeal crises and paroxysms of 
dyspepsia in a man of, 75 years suffer- 
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ing from cancer of the esophagus were 
accompanied by a rapid rise in blood- 
pressure. Venesection brought the 
blood-pressure down at once, at the 
same time that it relieved the suffoca- 
tion. Harvier and Bariety (Bull, de la 
Soc. med. des hop., Feb, 6, 1925). 

Diagnosis. — Progressive stenosis is 
a feature of all cases of stricture; 
hence the diagnosis must be based 
upon other symptoms. When the 
facies of the patient, a family history 
of cancer, and absence of local injury, 
syphilis, or tuberculosis can be re- 
corded in a patient aged over 40 
years, the likelihood that cancer is 
present is very great. Ejecta of por- 
tions of the mass -will then reveal the 
characteristic histological features of 
cancer. 

In cancer of the upper third of the 
esophagus the author has found what 
he terms progressive retrofixation of 
the tongue to be a very early and 
characteristic sign. The tongue can- 
not be protruded by the patient more 
than a few centimeters without his 
feeling pain, and when the examiner 
exerts traction on the organ an un- 
usual degree of resistance is noticed. 
This sign was not observed in cases 
of functional spasm, tuberculosis, or 
syphilis of the esophagus, even at an 
advanced stage of the disease. Guar- 
naccia (Arch, intern, de laryn., d’otol., 
etc., July-Aug., 1912). 

The writer advocates endoscopic 
examination in cancer of the esopha- 
gus, but warns that before any person 
is thus examined it is important to 
study the esophagus by means of 
fluoroscopy or rontgenoscopy to ex- 
clude aneurism and to observe any de- 
parture from the normal function or 
obstruction in the passage of the 
barium meal through the esophagus. 
E. J. Patterson (Penna. Med. Jour., 
Dec., 1919). 

In the majority of cases, however, 
such clear signs cannot be obtained. 
Then pressure from a growth ex- 


ternal to the esophagus must be 
excluded; an aneurism, an enlarged 
gland, etc., may, as shown, cause 
stricture. If the stenosis is near the 
larynx it is rarely cancer, but a 
cicatricial stricture or an impacted 
foreign body. The auscultation test 
described may be employed, and also 
the esophageal bougie, but the latter 
must be used with extreme care. 

Cancer of the esophagus can usu- 
ally be readily diagnosed by the 
history and by sounding, but it is 
much more difficult to diagnose can- 
cer of the cardia in an early stage. 
Esophagoscopy, however, is of the 
greatest importance both in cancer 
of the esophagus and in cancer of the 
cardia, besides X-ray examination. 
The annexed colored plate clearly 
illustrates the diagnostic value of 
esophagoscopy. 

The diagnosis can be established by 
radioscopy and esophagoscopy. The 
radioscopic signs deduced from the 
test-meal examination of 142 cases 
were: (1) A permanent stoppage of the 
bisniuth varying according to the de- 
gree of the obstruction in the esoph- 
agus; (2) a more or less marked dila- 
tation, sometimes rather slight, above 
the stenosed part; (3) presence of 
dilatation, more or less fusiform, not 
exceeding the width of four fingers, 
followed by a narrow rectilinear or 
sinuous passage. Early and progres- 
sive dysphagia is the most important 
and frequent symptom of esophageal 
cancer. F. de Maraes Sarmento (Arch, 
d. mal. de Tappareil digest., ix, 71, 
1916). 

As urged by the writer, there are 
only 2 safe, certain and early methods 
of diagnosis of cancer of the esoph- 
agus — roentgenoscopy and esophago-' 
scopy. There is good reason for the 
belief that when every patient with 
supposed “globus hystericus'* or with 
the slightest subjective abnormality in 
swallowing is promptly examined with 
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the esophagoscope, the thoracic sur- 
geon will show a good percentage of 
cures. Chevalier Jackson (Arch, of 
Surg., Jan., 1926). 

Etiology and Pathology, — Almost 
all cases of cancer encountered in the 
esophagus are of the squamous- 
epithelioma variety, the growth start- 
ing from the pavement epithelium of 
the mucous membrane, most fre- 
quently in that of the lower third of 
the organ. It gradually invades the 
mucous membrane, and, progressing 
laterally, the lumen of the cavity is 
soon reduced by a ring-like neoplasm. 
Later, the deep tissues become in- 
volved and the epithelioma, if the pa- 
tient lives long enough, may extend 
to any of the important organs of 
the thoracic cavity. 

Cancer ocqurs especially in males 
over 40 years of age. An inherited 
predisposition and an exciting cause 
— such as prolonged use of alcohol, 
strong condiments, hot fluids, or an 
ulcer — are thought to afford the 
necessary conditions for its develop- 
ment. 

Treatment. — Radium has in recent 
years given a proportion of favorable 
results which warrants further use of 
this method. 

The writer used 50 mgm. of radium 
in 11 cases and obtained prompt relief 
of dysphagia and gain in weight in 
many instances. The results were not 
reflected, however, by a reduction of 
the esophageal deformity and stenosis 
commensurate with the functional im- 
provement. In several cases slight 
dysphagia returned, but usually it was 
relieved by another treatment. Mills 
and Kimbrough (Jour. Amer. Med. 
Assoc., Ixxiv, 1570, 1920). 

A radium applicator consisting of a 
silver tube 2 centimeters long, contain- 
ing 40 mg. of radium elemc it and sus- 
pended by a stout thread, was used by 
the writer. The usual exposure was 


for about 11 hours, about every ninth 
day. In 3 out of 6 cases the earning 
capacity was restored and exploratory 
excision showed no further trace of 
the cancer. Suter (Deut. Zeit. f. Chir., 
Apr., 1921). 

Radium applications . to the upper 
esophagus may be made through the 
esophageal speculum, or lower down 
by the esophagoscope. The writer 
has used the radium needle, giving off 
both the beta and gamma rays, as well 
as the protected or screened tube, sup- 
plying the gamma rays alone. H. H. 
Forbes (Boston Med. and Surg. Jour., 
May 25, 1922). 

The writer employs radium seeds, 
«.r., minute glass capsules each con- 
taining 1 to 3 millicuries, introduced 1 
cm. apart in the tumor with the aid of 
esophagoscopy. There were no cures, 
but in most cases definite palliation 
for 3 or 4 months. D. C. Greene 
(Boston Med. and Surg. Jour., May 
25, 1922). 

In 19 of the writer’s 41 ca.ses the 
outlook seemed to be favorable after 
radium treatment, but all have died 
since except 2; 1 of these, a man aged 
67, is in excellent health 2^ years 
since the radium Irealment. He had 
noted the first symptoms about 6 
months before treatment was begun. 
Wassink (Nederl. Tijd.sch. v. Geneesk., 
Feb. 20, 1926). 

Six patients with cured cancer of the 
esophagus. Svfallowing had been more 
and more difficult until it became im- 
possible. Under radium treatment, 
deglutition became normal and the 
malignant tumor completely healed. 
In 2 the recovery has persisted for 14 
years. One of them, a physician, cele- 
brated recently his 80th birthday. 
Other cases date from 2 to 13 months. 
An improvement in ability to swallow 
was manifest after 1 or 2 applications. 
At least 0.1 Gm. ( 1^/4 grains) of radium 
bromide, in 2 or 3 tubes, end-to-end, 
was applied every second day for 10 
or 12 hours, to a total of 5 or 6 appli- 
cations. A long catheter should be 
used for introduction of the radium 
into the esophagus. The tubes should 
cover the whole area, of the stenosis, 



632 


ESOPHAGUS, DISEASES OF (SAJOUS). 


and the filters should be thick, to 
arrest the secondary rays. Complete 
impermeability, metastases, paralysis 
of the laryngeal nerve and cachexia 
are contraindications for the radium 
treatment. Guisez (Bull, dc la Soc. 
med. des.hop., Jan. 8, 1926). 

Feeding by the mouth can be car- 
ried on for some time through the 
e.sophageal tube, but the insertion 
of the latter becomes increasingly 
dangerous, especially if any force is 
used, as ulceration increases, since it 
may find its way through the dis- 
eased area, and direct the food into 
the pleura or mediastinum, with 
prompt fatal result. Rectal feeding 
should therefore be begun early, es- 
pecially when signs of ulceration are 
present. 

The diet should be regulated ac- 
cording to the stage the cancer has 
reached. When ordinary food can no 
longer be swallowed, meat finely 
scraped, hashes, soft rolls, besides the 
usual semiliquid foods, such as 
mashed potatoes and milk, rice pud- 
ding, etc., should be given as long as 
possible to sustain strength. When 
even hashed or scraped meat cannot 
l)e endured, eggs may be used in in- 
creased quantities, raw or soft-boiled, 
to compensate for them. Then the diet 
should be exclusively liquid or semi- 
liquid, using the catheter — very care- 
fully introduced — if need be. A feed- 
ing instrument described by Delavan 
many years ago is very useful. It 
can be made with an ordinary soda- 
water bottle. Rectal feeding should 
be resorted to when all these meas- 
ures fail to nourish the patient ade- 
quately. The mouth-washes are very 
useful in these cases and should be 
used frequently, and solutions of co- 
caine gradually increased from 4 to 
10 per cent, in strength, if needed, 


used with the atomizer before each 
meal to prevent pain during degluti- 
tion. Morphine should be used freely 
in these cases when they become 
hopeless, or if surgical procedures 
offer no reasonable chances of re- 
covery. 

The dysphagia is greatly aided by 
the use of the following pastils, ac- 
cording to Thomas : — 

B Cocaine hydro- 
chloride 0.0025 Gm. U^ogr.). 

Morphine hydro- 
chloride 0.005 Gm. 0/v2 gr.). 

Antipyrin 0.10 Gm. (V/t gr.). 

Sugar 0.30 Gm. (5 gr.). 

One or two of these pa.stils should 
be taken before each meal. 

As an alternative prescription the 
following is recommended : — 

B Dionine hydrochlo- 
ride. 

Codeine hydrochlo- 
ride of each 0.10 Gm. (l]/^gr.). 

Cocaine hydrochlo- 
ride 0.25 Gm. (4 gr.). 

Ammonium valeri- 
anate, 

Bitter-almond water, 

of each 7.50 Gm. (2 dr.). 

Of this solution, 15 drops should be 
taken three or four times a day. 

When the descent of food is hin- 
dered in cancer of the esophagus, 
Liebermeister recommends that the 
patient sip hourly small amounts of 
hydrogen peroxide solution (1 to 2 
per cent.). A cleansing of the cancer- 
ous surface occurs which is sufficient 
to allow passage of food. 

There should be given orally only 
such food as will readily pass through 
the stenosis. The treatment with 
hydrogen dioxide is to be maintained 
for weeks and months. When the 
stenosis is absolute the patients are 
to receive nourishment by rectum and 
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only the hydrogen dioxide solution 
by mouth for two or three days ; the 
administration of fluid food may then 
be begun and will be found possi])le 
in most cases. If even then no fluid 
will pass through the stenosis, the 
patient receives subcutaneously 0.01 
Gm. (Yq grain) of morphine, ot 0.001 
(%o g^J”ain) of atropine, or half of 
this dose in combination, half an hour 
before the time for meals, three times 
a day for several days. The intro- 
duction of sounds should be con- 
sidered a last resource, of which use 
should be made only in exceptional 
cases. 

If the malignant growth is located 
at the junction of esophagus and the 
pharynx or stomach, surgical removal 
may prolong life. 

The writer urges early operation be- 
fore the tumor has involved tissues 
outside of the esophagus, and while 
the patient’s general health is fairly 
good. Torek (Arch, of Surg., Jan., 
1926). 

Some progress in radical esophageal sur- 
gery is gradually being made. In recon- 
struction of the esophagus the stomach is 
separated from its omentum, drawn up 
under the skin of the chest into the cervical 
wound, and an anastomosis of the stomach 
made with the cervical stump of the esoph- 
agus, all the diseased portion of which has 
already been removed after separation from 
its bed and division at its cervical end. The 
function of the esophagus is thus taken 
over by a tube-like process of the stomach, 
and the food i)asses down over the chest- 
wall instead of within. Lotheisseii (Bcitr. 
z. klin. Chir., cxxvi, Nos. 2-3, 1922) has tab- 
ulated 45 cases of completed and 44 of un- 
completed plastic operation for esophageal 
stenosis. Among the 45 the stomach was 
used in 17 cases and the jejunum instead 
in 25. In addition, ’ there are 41 cases of 
plastic operation for esophageal cancer, but 
the procedure was completed in only 1, and 
the patient died soon after. Th^' writer has 
himself used the stomach method in 4 cases 


of stenosis due to lye, with permanent suc- 
cess in 2; in all, the stomach plastic served 
its functional purpose. Kummel (Arch. f. 
klin. Chir., Nov. 17, 1921), to reduce the 
chances of infection in the stomach pro- 
cedure, first draws the stomach up in place 
of the esophagus in the posterior medi- 
astinum, so that the resection of the car- 
cinoma can be done with the affected tis- 
sues outside of the body. 

Another procedure sometimes followed 
is the formation of a subcutaneous tube of 
skin in front of the chest wall; when this 
is definitely established, the stump of the 
esophagus is connected wdth its upper end 
and the stomach with its lower end, either 
directly or through a piece of colon dis- 
placed for the purpose. Fonio (Schweiz, 
ined. Woch., Dec. 29, 1921) reported a suc- 
cessful case of this form of antethoracic 
esophagoscopy in a long-standing case of 
corrosion by potassium permanganate. He 
has worked out a plastic “swallowing 
mechanism” that renders unnecessary the 
peristaltic action of the connecting portion 
of colon, which can thus be dispensed 
with. — Ei). 

NEUROSES. 

Spasm of the Esophagus (Esoph- 
agismus). — Symptoms , — Spasmodic 
contraction of the muscles of the 
esophagus comes on suddenly, sev- 
eral attacks occurring in quick suc- 
cession or intermittently, efforts to 
suppress them by swallowing saliva 
or food usually bringing them on. 
JJeep-seated, cramp-like pain is usu- 
ally experienced. Food on its way 
down to the esophagus may be re- 
gurgitated if still near the larynx; if 
below this it is retained in situ until 
the spasm has passed. The attacks 
may last but a few hours and recur 
only after months’ intervals; again, 
they may be persistent and render 
proper alimentation impossible with- 
out recourse to auxiliary means. Solids 
can, as a rule, be swallowed. 

True spasm as the result of organic 
disease of the nervous system is con- 
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sidered a rare condition; whereas 
functional spasm is of frequent oc- 
currence and sometimes responsible 
for secondary lesions of a gross 
nature. Hill (Jour, laryn., rhin., and 
otol., Feb., 1912). 

Diagnosis. — The constriction usu- 
ally occurs near one of the extremi- 
ties of the esophagus, but it may not 
be limited to these regions in suc- 
ceeding attacks. Hysteria and other 
neuroses can usually be detected, 
especially in females, for whom the 
disease shows a predilection. The 
bougie may be used advantageously 
to distinguish esophagismus from the 
organic lesions already described. In 
spasm the instrument will encounter 
a stenosis during the active stage and 
pass down freely while no spasm is 
present. 

Etiology. — Spasm of the esophagus 
is the manifestation of a general neu- 
rosis, particularly hysteria, and is 
therefore observed in young females. 
It may occur as a symptom of tet- 
anus, rabies, epilepsy, chorea, and 
other neuroses, and as a result of 
violent emotions, — fright, joy, etc. 
It may also be associated reflexly 
with pregnancy, and with disorders 
of the genital system, or of other or- 
gans, especially the neighboring ones, 
— the pharynx and the stomach. It 
often attends the various organic 
diseases of the organ it.self. 

Treatment. — Treatment should be 
directed to the symptoms. The pain- 
ful deglutition, inability to swallow 
solids, and the choking sensation are 
usually promptly relieved by the pas- 
sage of the esophageal sound, the 
moral effect adding its share to the 
good result. Sometimes, however, 
this procedure increases the spasms. 
Inhalations of nitrite of amyl, by 
relaxing all vessels, diminishes the 


volume of blood supplied to esoph- 
ageal muscles, and, therefore, their 
tendency to spasm. The bromides, 
or rectal injections of chloral, 15 
grains (1 Gm.), in free solution, can 
be used for a similar purpose. In 
some cases the spasms are kept up by 
nasopharyngeal catarrh and cease 
when this condition is properly 
treated. Antispasmodics, such as 
camphor and the valerianate^, espe- 
cially the zinc valerate, are sometimes 
useful. An emetic sometimes proves 
efficacious, especially when, as some- 
times occurs, the cause of the spasms, 
a foreign body, is brought up. A 
cocaine spray, using a 5 per cent, 
solution, before meals, is useful to 
facilitate the ingestion of food and 
its retention. In some hysterical 
cases suggestion will alone prove use- 
ful. The patient, for instance, may be 
suspended by the arms to a cross- 
beam and kept there some time, with 
the verbal assurance that on being 
freed her spasms will cease. 

Paralysis of the Esophagus. — 
Symptoms. — Paralysis of the esopha- 
gus is rarely met with. "Hiere is 
functional inactivity of the muscular 
coat of the esophagus and great 
difficulty is experienced in swallow- 
ing, the bolus remaining in situ if at 
all large. Liquids pass down with 
ease and are used by the patients to 
‘"wash down” small masses of solid 
food. The accumulation of food in 
the esophagus often engenders dila- 
tation, and the symptoms of the latter 
disorder are the predominating ones. 

Etiology. — Paralysis of the esoph- 
agus is usually due to extensive 
bulbar paralysis and other central 
nervous disorders. But it may also 
occur in a complication of peripheral 
disorders, especially diphtheria, en- 
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larged lymphatic glands, and of syph- 
ilis, alcoholism, plumbism, etc. 

Treatment. — The treatment indi- 
cated is that of the causative disorder. 
In diphtheric paralysis arsenic is most 
effective. After a course of this rem- 
edy hypodermic injections of strych- 
nine are often effective. Faradism, 
the negative pole in the sulcus di- 
ectly in front of the sternomastoid and 
the positive back of the neck, may be 
simultaneously employed. 

C. E. DE M. Sajous, 

Philadelphia. 

ETHER (sulphuric ether). — C. 

W. Long, in 1842, was the first to 
employ ether as an anesthetic in 
surgical opera, tions, though to C. T. 
Jackson, a chemist, and W. G. T. 
Morton, a dentist of Boston, belongs 
the credit of securing for it general 
recognition (1846). 

Ether (lLjCH.C.O.CM..CJIa or 
(Conr,)20; specific gravity, 0.716 to 
0.717 at 77° F.) is chemically diethyl 
oxide and is obtained by the gradual 
addition of 90 per cent, alcohol to 
heated (140° C.) concentrated sul- 
phuric acid, which combines with a 
portion of the alcohol present to form 
ethyl hydrogen sulphate (Collri-II-" 
SO4) ; the latter, in turn, reacts with 
the remaining alcohol to form ether, 
which is distilled off and then purified 
by shaking with water and an alkali, 
and redistillation. 

Ether appears as a colorless, mobile 
liquid, having a characteristic, pene- 
trating odor, generally regarded as 
pleasant, and a sharp, burning taste. 
It is much more soluble in water 
than is chloroform — 1 in 10 or 12 in- 
stead of 1 in 200 — and mixes in all 
ratios with alcohol, chloroform, ben- 
zene and fixed and volatile oils. Pure 


ether will take up water to the ex- 
tent of 1 part of the latter in 35 parts 
of ether. 

It is very volatile, evaporating 
more rapidly than chloroform at or- 
dinary temperatures, and has a much 
lower boiling point — 96° F. (35.5° 
C). instead of 140° F. (60° C.) in the 
case of chloroform. Ether vapor is 
heavier than air, and since it is very 
inflammable, its use for anesthetic 
purposes in the presence of artificial 
light other than incandescent electric 
bulbs is attended with danger, un- 
less the light be placed at a consider- 
able distance above the patient. A 
mixture of ether vapor and air, when 
ignited, explodes violently. 

Ether is officially permitted to in- 
clude about 4 per cent, of alcohol, 
the latter containing, in turn, a little 
water. The alcohol has been gen- 
erally considered to act as a preserva- 
tive for ether, but more recently 
this has been shown to be an error. 
The presence of alcohol in ether is 
of no value except where the anes- 
thetic is given by the drop method, 
when the alcohol obviates excessively 
rapid volatilization of the ether and 
consequent chilling of the apparatus 
employed (Baskerville). 

Impurities in ether may depend 
either upon the use of unsuitable 
alcohol in its production — c.g., ethyl 
alcohol denatured by methyl alcohol, 
when the product obtained will be an 
ethyl ether mixed with methyl or 
methyl-ethyl ether (‘'methylated 
ether''), or upon the addition of im- 
pure ethyl alcohol to a pure ether for 
the doubtful purpose of rendering it 
more suitable for anesthetic use, or, 
again, upon the formation of adven- 
titious substances, partly owing to 
improper storage of the originally 
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satisfactory ether. Prolonged expos- 
ure of ether to light and air may 
result in the production, during anes- 
thesia, of such symptoms as cough- 
ing and suiTocation, as well as serious 
after-effects. 

According to Cotton (Can. Med. Assoc. 
Jour., Sept., 1917) and Wallis and Hewer 
(Lancet, June 4, 1921), pure ether is devoid 
of anesthetic properties, the action of com- 
mercial ether being due to impurities such 
as carbon dioxide, ethylene, and ketones. A 
later investigation by Slehle and Bourne 
(Jour. Anier. Med. Assoc., July 29, 1922), 
in which ether made by a clean-cut chemical 
reaction, practically excluding the ordinary 
impurities, was used, disproved the concep- 
tion of the preceding observers. 

Rowe (Jour, of Pharmacol, and Exper. 
Ther., Apr., 1923) recalls that the pharma- 
copadas of the world specify that aldehyde 
and i)croxidc are not permissible in anes- 
thetic ether. Over one-third of the high- 
grade anesthetic ether on the market today 
contains appreciable amounts of one or of 
both of these substances. All anesthetic 
ethers should be analyzed as a matter of 
routine, to preclude the presence of these 
deleterious materials. 

A colorimetric method based upon fuch- 
sin has been devised for the exact deter- 
mination of the aldehyde content in anes- 
thetic ethers. The titrimetric method, using 
cadmium potassium iodide in acid solution 
and sodium thiosulphate, has been devised 
for determining the peroxide in ether. 

Evidence is available showing that the 
,type of container is a factor in the contam- 
ination of ether initially pure, and that the 
metal of the container exercises a definite 
catalytic action on the oxidative reaction 
producing the impurities. 

Studies made by Ronzoni, Koechig and 
Eaton (Jour. Biol. Cheni., Sept., 1924) 
indicate that accumulation of lactic acid 
accounts in a large part for the acidosis of 
ether anesthesia. Its increase is indepen- 
dent of carbon dioxide tension and produces 
the changes in pn rather than being itself 
controlled by /)H, as stated by Anrep and 
Cannan. Decreased oxygen supply to tis- 
sues does not account for its production. 
The source of lactic acid seems to be the 


muscle tissues. Production of lactic acid in 
the muscle, together with loss of phosphate 
from the muscle (Stehle and Bourne), dur- 
ing anesthesia, points to a breakdown of 
some hexose phosphate, such as Embden’s 
“lactacidogen.” 

Aldehyde in ether may be detected 
by occasionally shaking 10 c.c. of 
ether in a test-tube, during one hour, 
with 1 c.c. of a 6 per cent, solution 
of potassium hydroxide in water. 
Neither of the liquids should show any 
coloration at the end of the hour; 
otherwise aldehyde is present (U. S. 
P.). Undue acidity of ether may be 
tested for by dipping blue litmus 
paper, moistened with water, into 
ether for ten minutes. No residue 
or foreign odor should be left when 
ether is allowed to volatilize from an 
evaporating dish or from odorless 
blotting paper. 

PREPARATIONS AND DOSES. 

— In addition to its uses as an anes- 
thetic, ether is sometimes adminis- 
tered internally. Its preparations are: 

JEthcr, U. S. P. (ether), required to 
contain 96 to 98 per cent, of absolute 
ether, the remainder consisting of al- 
cohol and water, l^ose, 10 to 60 
minims (0.6 to 4 c.c.). 

Spiritiis cctheris, N. F. (spirit of 
ether; Hoffmann's drops), composed 
of 32.5 parts by volume of ether and 
67.5 parts of alcohol. Dose, 3^ to 2 
fluidrams (2 to 8 c.c.). 

SpiritiiS (cfheris compositus, N. F. 
(compound spirit of ether; Hoffmann’s 
anodyne), consisting of 32.5 parts by 
volume of ether, 2.5 parts of ethereal 
oil (“heavy oil of wine”), and 65 
parts of alcohol. Dose, to 2 
fluidrams (2 to 8 c.c.). 

[The B. P. recognizes two sorts of 
ether: (1) 2Ether, only required to 
contain 92 per cent, by volume of 
pure ether, and (2) iEther purifica- 
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tus, or ether freed from most of the 
alcohol and water, and having a 
specific gravity of 0.720.] 
PHYSIOLOGICAL ACTION.— 
Rapid absorption of ether takes place 
in the lungs when its vapor is in- 
haled, as it is possessed of a high 
vapor tension and penetrates the 
tissues with great facility. All mu- 
cous membranes absorb it promptly, 
and the same physiological effects 
may be secured — though more slowly 
— by its ingestion as by the custo- 
mary route of administration. Lo- 
cally, it causes temporarily a pro- 
nounced irritation of the sensory 
nerve-endings and vessel- walls, fol- 
lowed by a dulling of sensibility. 
It is less irritating, volume for vol- 
ume, however, than chloroform, 
though in practice this difference 
is more than counterbalanced by the 
fact that a much larger amount has 
to be introduced than of chloroform 
to produce an equal general anes- 
thetic effect. 

The type of patient in war is differ- 
ent from that in a general hospital in 
peace time. Most of the patients are 
robust young men living an out-of- 
door life. Those with shell shock re- 
quire, much more anesthetic and have 
a greater tendency to excitement 
while going under its influence. T. 
Clarke (Brit. Med. Jour., i, 79, 1918). 

That etlier, like chloroform, is ca- 
pable, in sufficient concentration, of 
paralyzing the life processes in any 
form of cell is illustrated in that 
it arrests the streaming of the pro- 
toplasm in plant cells, as well as the 
activity of the cilia in the ciliated 
epithelia of animals. If its action be 
soon discontinued, recovery of func- 
tion occurs; but where it is kept up 
for a certain minimal period, cellular 
death takes place. Thus under the 


prolonged direct influence of ether 
the irritability of nervc-tissiu* is per- 
manently lost, rigidity of muscle- 
tissue sui)ervencs, and the red blood- 
cells are destroyed. 

Rapid evaporation of ether is ac- 
companied by a sudden and marked 
absorption of heat, which is easily 
capable of inducing a fall in tempera- 
ture in adjacent bodies to below the 
freezing point. This is tlie chief 
factor in the ])roduction of local 
anesthesia with ether, though direct 
paralysis of the terminal nerve- 
filaments and endings by the anes- 
thetic itself may also play a part. 

Nervous System. — The character- 
istic general anesthetic action of 
ether is due, according* to the Meyer- 
Overton theory, to its dissolution in 
the lipoids or coni])lex fatty sub- 
stances of the nerve-cells, the func- 
tion of wliich is thereby tem])orarily 
interru])ted, through loss of the nor- 
mal relationshij)s of the lipoids to 
the remaining cell-constituents. The 
reason for its accumulation in these 
— and other — fats is that it is more 
soluble in these fats than in the water 
of the blood itself. In the beginning 
f)f anesthesia, at least, the blood re- 
turning to the right heart frf)m the 
general circulation contains less 
ether than that entering the left 
heart from the pulmonary circula- 
tion, for the anesthetic has been taken 
up from the blood by the various 
fatty tissues it has reached in its 
systemic journey. At no time, how- 
ever, does the blood completely give 
up its ether to the fats ; the condi- 
tion present at the height of anes- 
thesia is one in which the ratio of 
the ether present in the blood and 
fats corresponds with the relative 
solubilities of ether in these two dif- 
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ferent media. Rises and falls in the 
ether content of the blood are soon 
paralleled by proportionate rises and 
falls in the nervous tissues. Once a 
sufficient dc^^ree of anesthesia is at- 
tained, the amount of ether to be 
supplied is approximately only that 
which will maintain a sufficient per- 
centag^e of the ^as in the air-cells to 
balance that in the blood and prevent 
any of the ether in the blood from 
being re-excreted The depth of 
anesthesia in any given period de- 
pends not only upon the amount of 
ether that has already been intro- 
duced into the organism and reached 
the nerve-tissues, but upon the per- 
centage of ether in the inspired air. 
As soon as the air-ether mixture is 
diluted to a certain degree, ether be- 
gins to pass out from the blood and 
the percentage of ether in the expired 
becomes greater than it is in the 
inspired air. 

Ether differs from chloroform in 
that its effect appears more slowly, 
in the greater concentration of vapor 
required to bring about anesthesia, 
and in the greater margin of safety, 
the greater difference between 
the concentration of vapor which will 
just bring on anesthesia and that 
which will cause death. Thus, 
Nicloux showed in dogs that whereas, 
in deep chloroform anesthesia, the 
percentage of the anesthetic in the 
blood averaged 0.05 per cent., that of 
ether under the same conditions 
was 0.13 to 0.14 per cent. Again, 
whereas Rosenfeld showed in rabbits 
that a 3.5 per cent, ether vapor is 
required to bring on complete anes- 
thesia by inhalation and a 6 per cent, 
ether vapor must be used to cause 
respiratory arrest. Spender found that 
the corresponding figures in the 


case of chloroform are approximately 
1.0 and 1.6 .per cent. At least 3 
times as great a percentage of ether 
as of chloroform in the inspired air 
is required for anesthesia (Gottlieb). 

The action of ether on the nervous 
system is similar to that of chloro- 
form and of large amounts of alcohol 
consisting in a progressive paralysis 
of various brain centers, sometimes 
preceded by a short stage of stimu- 
lation. 

Sajous has noted marked decrease 
of mental activity in dementia precox 
following the use of ether as anes- 
thetic. Lecithin, a constituent of the 
brain cells, is known to be dissolved 
by ether. The sensory centers are 
affected first, then the motor, the 
morbid process then passing down- 
ward. 

Experiments with animals have con- 
stantly demonstrated that the anes- 
thesia can be shortened or suspended 
altogether if a suspension of lecithin 
is injected intravenously soon after the 
induction. Nerking (Munch, med, 
Woch., Aug. 18, 1908). 

The ether concentration reached in 
the central nervous system [rich in 
lecithin], not that in the body as a 
whole, is the determining factor in the 
anesthetic action of ether. Haggard 
(Jour. Biol. Cheni., Apr., 1924). 

A circumstance sometimes over- 
looked is that even before conscious- 
ness and tactile sensation have been 
completely lost, analgesia may be 
present. In deeper anesthesia, the 
centers of consciousness and other 
brain centers become entirely para- 
lyzed, and finally the spinal cord is 
involved, the reflexes disappearing 
and the muscles finally completely 
losing their tonicity. The functions 
of the respiratory and vasomotor 
centers, however, are not endangered 
until a still larger quantity of the 
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drug has been introduced, and the art 
of anesthesia consists in avoiding en- 
croachment of the effects of the drug 
on these centers, while maintaining 
the action on the receptive and motor 
nuclei. 

Circulation. — The heart rate is al- 
ways increased in ether anesthesia, 
often to 90 or 100 per minute. This 
effect is due, at least in large part, 
to direct or reflex actions on the ex- 
tracardiac governing centers of the 
heart, since it is wanting if the 
nerves to the heart have been cut. 
There has been produced no evidence 
to the effect that ether directly stimu- 
lates the heart muscle ((iottlieb), 
though the vasoconstrictor action of 
ether, by increasing the blood-pres- 
sure, may result in a better supply 
of blood to the heart. 

The peripheral vessels of the skin, 
especially in the face, are dilated by 
ether. This effect is different from 
that of chloroform in that it persists 
during the anesthesia, the .skin re- 
maining flushed throughout, whereas 
with chloroform the flush tends to 
give way gradually to pallor. The 
splanchnic or internal vessels, on the 
other hand, are constricted by ether, 
probably owing to an action both on 
the vasomotor center and the vessel 
themselves. This vasoconstriction 
more than offsets the simultaneous 
peripheral vasodilatation, and in con- 
junction with the increased heart 
rate causes an increase in the blood- 
pressure, which generally persists 
throughout the anesthesia, when the 
latter is not prolonged. Such a rise 
in pressure, more or less marked, is 
an almost constant accompaniment of 
ether anesthesia. The effect of chlo- 
roform differs in that the^e is a ten- 
dency to direct depression of the heart 


and splanchnic vessels, and the blood- 
pressure gradually falls during anes- 
thesia. Tn perfusion experiments 
chloroform has shown itself to be 
about 3.S times as depressing to the 
heart muscle as ether. Only after 
prolonged deep ether anesthesia does 
the heart become depressed and the 
.splanchnic circulation relaxed. 

Reflex fatal cardiac inhibition, 
through irritation of the trigeminal 
terminals in the upper respira.tory 
passages and transmission of the im- 
pulse to the vagi, is far less likely to 
occur with ether than with chlo- 
roform : (1) because the direct de- 
pressing action of the drug c>n the 
heart is far less than in the case 
of chloroform, the cardiodepressing 
action of which strongly predisposes 
to inhibition of the heart, and (2) 
because of the wider latitude in the 
concentration of the vapor adminis 7 
tered in the case of ether. 

Respiration. — Ether tends to stimu- 
late the respiratory center, probably 
both directly and through excitation 
of the afferent vagal nerve-paths 
from the lungs. The breathing is at 
first accelerated and deepened. In 
the stage excitement it becomes 
irregular. Jn the narcotic .stage, 
however, it is regmlar again and 
slightly slowed, afferent impulses no 
longer exciting it owing to the gen- 
eral sensory paralysis. 

Where the ether is pushed beyond 
the stage of anesthesia proper, the 
respiratory movements may gradually 
dwindle in their am])litude until 
arrest occurs, or they may come to 
a standstill more or less suddenly. 
Respiratory paralysis by ether usu- 
ally occurs at a time when the heart 
is still capable of maintaining a good 
circulation, and recovery is usually 
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readily secured by artificial respira- 
tion, With chloroform, on the other 
hand, the heart is already consider- 
ably depressed when the breathing 
ceases and artificial respiration is not 
as effectual as under ether. 

Blood. — Like chloroform, ether, 
when circulating in the blood, is 
present in greater concentration in 
the red blood-cells than in the plasma, 
owing to the li])oi(ls present in the 
former. In high concentration it 
readily produces hemolysis. In the 
course of ordinar}^* ether anesthesia, 
a slight, temporary decrease of the 
hemoglobin in the blood has been 
shown to take place. 

It is urfi^cd that whenever possible 
one or two blood examinations be 
made before preparation of the pa- 
tient for etherization. Less than 50 
per cent, of hcmoi^lobin indicates that 
an anesthetic is dangerous and only 
allowable in vital emergencies. J. 
Chalmers Da Costa and J. L. Kalteyer 
(Boston Med. and Surg. Jour., June 
13, 1901). 

Ether causes a marked decrease 
in the coagulation time, most marked 
from the seventh to the tenth days. 
Nitrous oxide causes no permanent 
effects of any significance; ether 
causes more harmful changes, while 
chloroform causes the most harmful 
results (hemolysis and production of 
distinct anemia). Hamburger and 
Ewing (Jour. Amer. Med. Assoc., 
Nov. 7, 1908). 

Report of experiments made to de- 
termine the effects of ether on the 
phenomena of bacteriolysis, agglu- 
tination, and phagocytosis. The re- 
duction of the phagocytic powers of 
blood after an ordinary ether anes- 
thesia in different experiments lasted 
from two days to several weeks and 
was due apparently to a direct effect 
on the leucocytes and serum without 
any action on the bacteria. A very 
small addition of lecithin in vitro re- 
stored the phagocytosis. E. A. Graham 


(Jour. Amer. Med. Assoc., March 26, 
1910). 

The catalase content of the blood 
decreases during the administration 
of ether and increases during the re- 
covery from ether. The decrease is 
due to the destruction of catalase by 
ether, the increase to an increased 
output of catalase from the liver. 
The decrease in catalase during the 
administration of ether may be the 
cause of the decreased oxidation dur- 
ing anesthesia, while the increased 
output of catalase from the liver dur- 
ing recovery may account for the in- 
creased oxidation during this period. 
Burge (Amer. Jour, of Physiol., Oct., 
1917). 

Both ether and chloroform anes- 
thesia, when prolonged for over 30 
minutes, were accompanied by a dis- 
tinct lowering of the alkali reserve of 
the blood. It was probable that this 
mild transient acidosis was a most 
important factor in the production of 
post-operative vomiting. The alkali 
reserve of the blood could be in- 
creased by the administration of 
sodium bicarbonate, and it was, there- 
fore, a most rational procedure to 
use this drug as a preoperative pro- 
phylactic measure against excessive 
post-operative vomiting. G. B. Wood 
(Trans. Amer. Laryn. Assoc.; N. Y. 
Med. Jour., Dec. 29, 1917). 

The advisability of pre-operative 
blood study was also illustrated in a 
case in which profuse oozing of blood 
required 1 hour for its control after 
the operation. The blood taken before 
operation had shown an almost com- 
plete absence of blood platelets. In 
such cases calcium chloride, 1 dram (4 
Gm.) 4 times daily, should be given 
for 2 or 3 days before operation. A 
platelet count below 200,000 indicates a 
predisposition to hemorrhage. M. G. 
Day (Amer. Jour. Surg., Apr., 1922). 

In dogs ether anesthesia decreased 
the rate of epinephrin output from the 
suprarenal glands. Kodama (Tohoku 
Jour. Exper. Med., Mar. 28, 1924). 

Temperature. — During anesthesia 
a gradual fall in temperature occurs, 
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owing to the dilatation of the skin 
vessels, which accelerates heat loss, 
and muscular inactivity, which re- 
sults in diminished heat production. 
The anesthetic is, in addition, helieved 
to depress the heat centers. Tn ad- 
vanced stages of narcosis, another 
factor favoring low body tcm])eralure 
is introduced when circulatory ac- 
tivity l:>ecomes impaired. 

Chloroform produces a loss of body 
temperature ai)proximately equal to 
that produced by ether. Warminj^ 
the ether vapor before inhalation will 
prevent the loss of body temperature, 
or may actually increase it in a de- 
gree proportionate to the temperature 
of the vapor and also to that of the 
oj)erating room. Patients should not 
only be kept dry and warm, but be 
anesthetized in a room free from 
draughts, and should not be trans- 
ferred to a cold room. Davis (Bull. 
Johns Hopkins llosp., April, 1909). 

Metabolism. — Some metabolic pro- 
cesses are slowccl during anesthesia, 
1)ut on the next day there is observed 
an increased elimination of nitrogen- 
ous waste-products in the urine. The 
urea excretiem, however, is sub- 
normal, while ammonia and uric acid 
are increased ; this .shows that the 
products of cell metabolism have 
been only imperfectly ])rokcn down. 

In ether narcosis depression of oxida- 
tion processes occurs. Experiments 
show that even with a free supply of 
oxygen a fatigued ganglion cell does 
not recover at all during narco.sis. 
There occurs, rather, a gradual asphyxia, 
— although this process is only de- 
veloped to a small extent in light nar- 
cosis. M. Verworn (Bull. Johns 
Hopkins Hosp., April, 1912). 

The increase in the COu output is 
accompanied by a narcotic change 
leading to death in animals, while this 
is not necessarily the case in plants. 
The narcotic action of ether on the 
animals studied was accompanied by 


a decrease in the CO 2 output: in 
plants this is not ordinarily the case. 
Irwin (Jour. Gen. Physiol., Nov., 1918). 

There also occurs an increase in the 
sugar content of the blood — hyper- 
glycemia — and sonic interference 
with the metabolism of fats, acetone 
and diacetic acid being not infre- 
quently found in the urine. 

Ether anesthesia produces a hyiier- 
glyceniia hotli in the diabetic and the 
normal person. In the diabetic the 
risks run are due to anesthesia and 
shock, both of which produce hyi^er- 
glycemia. The writer cites 5 cases to 
show that the same is true in the non- 
<liabelic i)erson. 1'here is a definite 
relationship lietween this hyperglyc- 
emia, associated with ether anesthesia, 
and the toxic symptoms that follow. 
'J'he treatment should he on lines used 
in diabetes. Pemberton and Cunning- 
ham (Lancet, Apr. 11, 1925). 

Elimination. — THher is eliminated 
unchanged, chiefly by way of the 
lungs, and very slightly tlirough the 
kidneys and skin. Its excretion is 
distinctly more rapid than that of 
chloroform, this accounting for the 
fact that recovery from anesthesia 
occurs more (piickly where ether is 
used than with chloroform. Accord- 
ing to the experimental work of 
Nicloux, the elimination of ether is 
a.s com])! etc in two hours after the 
cessation of its administration as in 
.seven hours after chloroform. The 
relative insolubility of chloroform in 
the water of the blood as compared 
with ether (approximately 1 in 200 
instead of 1 in 10) causes it to remain 
more steadfastly in the fatty tissues 
in which it is freely .soluble, with the 
result that the elimination of the la.st 
traces of anesthetic is effected more 
slowly than in the case of ether. 

ETHER AS AN ANESTHETIC. 
— Ether possesses the following ad- 
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vantages over chloroform : Greater 
immediate safety; less likelihood of 
causing fatty degenerative changes 
in the parenchymatous organs; more 
rapid excretion of the drug. The 
first of these is the most important^ 
and under most circumstances is of 
itself sufficient more than to offset 
numerous advantages of chloroform 
such as more rapid action, less likeli- 
hood of excitement during the induc- 
tion of anesthesia, rarity of pul- 
monary complications, less flow of 
mucous secretions, etc. 

Ether should be used as an an- 
esthetic in obstetric practice when 
jiulmonary complications are absent. 
Its action upon the uterine contrac- 
tions in the second stage of labor is 
preferable to that of chloroform. No 
anesthetic should be given in the first 
stage of normal labor. Uterine atony 
and post-partuni hemorrhage are rare 
following ether anesthesia. Ether 
should be used in eclampsia in prefer- 
ence to chloroform. Us action is as 
positive and the danger much less. It 
is safer to the mother than chloroform. 
The danger of delayed poisoning is 
slight. H. M. Stowe (Surg., Gynec. and 
Obstet., Feb., 1910), 

The author always administers ether 
in thyroid cases and in trephining 
operations, and has not noted any un- 
due congestion or hemorrhage, which 
has so often been charged against ether 
as an anesthetic in these cases, and 
which, no doubt, does apply to any 
method where the air is restricted. 
Samuel Johnston (Can. Pract. and 
News, March, 1912). 

The comparative safety of ether as 
an anesthetic has been amply shown 
by statistics. Those of Foy, based 
upon 877,507 chloroform administra- 
tions, show a mortality of 1 in 4301 
for this anesthetic, while those of 
Julliard, based upon 314,738 ether ad- 
ministrations, show a mortality of 
only 1 in 14,987. Hewitt, combining 


the figures of Julliard with those of 
Ormsby, and calculating from a total 
exceeding 1 million anesthesias, 
found a death rate of 1 in 3162 for 
chloroform and 1 in 16,302 for ether. 
The number of chloroform anesthe- 
sias has of late years shown a marked 
decrease in the United States. 

Report of 112 responses to question 
blanks sent out to surgeons concerning 
their anesthesias during 1908. Chloro- 
form was used in 20,613 cases, with 1 
death to 2060; ether in 11,859, with 1 
death to 5930; chloroform plus ether in 
10,232, with 1 death in 3410; and the 
scopolamine-morphine mixed anesthesia 
in 23,809 cases, with 1 death in 4762. 
Local anesthesia or the first whiffs of 
ether were utilized in fully a quarter of 
all cases that would formerly have re- 
quired general anesthesia, and no fatal- 
ity was reported with these methods. 
Kuminell reports only 0.(>1 per cent, of 
postoperative pneumonias in contrast to 
2.5 per cent, formerly, and von Eiscls- 
berg only 0.9 per cent, instead of 3.3 per 
cent, formerly. Neuher (Archiv f. klin. 
Chin, Bd. Ixxxix, Nu. 4, 1909). 

The above figures probably give 
an incorrect idea, however, of the 
relative danger of chloroform anes- 
thesia in warm climates, such as exist 
in the southern United States, and 
probably under certain other circum- 
stances. Thus Lawrie has reported 
30,000 chloroform anesthesias with- 
out a death, and Dastre reported only 
1 death in 11,448 chloroform adminis- 
trations during the Crimean war 
(Gwathmey). Chloroform with oxy- 
gen in a southern climate is con- 
sidered by Gwathmey a very safe 
anesthetic; he thinks also that in the 
northern United States chloroform is 
safer in the summer than in the 
winter. The same author gives the 
following table showing the mortality 
of various anesthetics according to 
statistics obtained from 99 hospitals 
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in this country and including the 
years 1905 to 1911:— 


Anesthetic. 


Local anesthesia 

Nitrous oxide with oxygen .... 

Anesthol-ether 

Ethyl chloride 

Nitrous oxide with air 

Spinal analgesia 

Anesthol-ether-chloroform .... 

Anesthol-chioroforra 

Nitrous oxide-ether-anesthol. . 
Essence of orange-ether se-] 

Quence 

A. C. E. or C. E, mixture 

Ether-chloroform sequence ... 

Nitrous oxide-anesthol 

Ethyl chlonde-anesthol 

A nesthol- oxygen 

Ethyl bromide 

Ethyl-chloride-oxygen 

M-H-C anesthesia 

Chloroform-ether sequence . . . 
Nitrous oxide-cthor sequence- 

Anesthol 

Ether, drop or vapor 

Ethyl chloride-ether sequence 

Chloroform-oxygen 

Chloroform, drop or vapor . . . 

Nitrous oxide 

Rectal anesthesia 

Intratracheal Insufflation 

Nitrous oxlde-ether-chloroforru 


o a 


14,878 

8,585 

3,827 

‘K)5 

561 

521 

153 

123 

114 

100 

95 

94 

45 

41 

37 

20 

13 

9 

16,054 

41,435 

C.139 

157.453 

4,431 

4,009 

16.390 

1,314 

516 

1,0(K) 

183 

278,945 


^ o 


i-g-s 

o ® 
o5 

' 5 cd ' ^ OS 

4> ea <u 

0 

0-14,878 

0 

0- 8.585 

0 

0- 3,827 

0 

0- 905 

0 

0- 561 

0 

0 521 

0 

0- 153 

0 

0- 123 

0 

0- 114 

0 

1 

o 

0 

0- 95 

0 

0" 94 

0 

0- 45 

0 

0- 41 

0 

0- 37 

0 

0- 20 

0 

0 13 

0 

0- 9 

2 

1- 8.027 

6 

1- 6,905 

1 

1- 6,139 

28 

1 - 5.623 

1 

1 

1- 4.331 
1- 4.009 

8 

1 - 2.048 

2 

1- 657 

1 

1- 516 

4 

1- 250 

1 

1- 183 


Of the eij^ht chloroform fatalities 
shown in the table four occurred in 
the United States Army and the lo- 
calities in which they took place are 
not known. Of the other four all 
occurred in a northern climate. 
Gwathmey concluded that chloro- 
form is approximately 2^/2 times as 
dangerous as the nitrous oxide-ether 
sequence. 

For routine work, ether, by the 
open or drof) method, is the safest 
and most satisfactory anesthetic. In 
the usual run of cases it is the anes- 
thetic of choice in from 75 to 80 per 
cent, of the cases. Possibly in a 
laryngectomy the direct introduction 
of chloroform vapor into the trachea 
might produce less irritation to the 
tracheal mucosa with less risk of 
pneumonia than ether. Bevan (Jour. 
Amer. Med. Assoc., Dec. 2, 1911). 

None of us now know which is the 
better, the open or the closed method. 


The gas-cthcr sequence and the dro]) 
method are pioneers that should lum 
he methods of tlic past. 'Phe drop 
method is inaccurate. The writer 
has never seen a patient struj^^lc 
under this method. All his patients 
have preliminary medication. Aliout 
ounces (75 cc) of ether in an 
hour’s administration, wlien absolute 
relaxation is olitained, cannot 1)C ap- 
proached ])>■ the drop method. J. T. 
(rw^athmej (Jour. Amer. Med. Assoc., 
Aug. 5, 191 6 h 

The writer induces anesthesia in 7 
minutes; her iiaticnts never have 
coughing or strangling*, because she 
gives jilcnty of air in the beginning, 
wdiich does not lengthen tlie time re- 
quired for giving the anesthetic. If 
concentrated ether is given, the pa- 
tient will hold his breath. Only 
enougli anesthetic should he given to 
keep the patient asleep. The opera- 
tion will regulate the amount needed 
for this; at certain stages the iiatient 
must he kept more soundly asleep 
than at others. Nausea and vomiting 
arc almost things of the past with the 
open method. She has never seen 
shock produced by an anesthetic nor 
is the rapid breathing which accom- 
panies the rehreathing method oh- 
serve<l in the open method of ether- 
ization. Excitement is not seen ex- 
cept in alcoholics; hut that occurs, 
regardless of the method which is 
employed Isabella C. Ilcrh (Jour. 
Amer. Med. Assoc., Aug. 15, 1916). 

A small (|uantity of chloroform 
added to ether, about 1 to 20, largely 
does aw^ay with the irritant effects of 
the latter ujion the respiratory pass- 
ages, makes anesthesia simpler in in- 
duction, and increases its safety by 
preventing the excessive depression 
of the chloroform and the excessive 
stimulation from ether. W. J. Mc- 
Cardie (Brit. Med. Jour., Apr. 21, 
1917). 

CONTRAINDICATIONS. Respi- 
ratory Disorders. — Numerous cases of 
pneumonia following the administra- 
tion of ether have been reported, and 
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it is well known that ether causes de- 
cidedly more irritation of the respira- 
tory passag'es, where inflammation of 
these is present, than chloroform. 
For this reason, ether is contrain- 
dicated in acute affections of the 
lower respiratory passages. In 
chronic disorders such as bronchitis, 
with profuse secretions, pulmonary 
emphysema, and tu1)erculosis, chlo- 
roform is preferalfle to ether, except 
where the heart is weak. Asthma, 
goiter, and all other conditions tend- 
ing to reduce the lumen of the bron- 
chial tubes or trachea are to be 
looked upon as compromising factors 
in ether anesthesia. 

Ether is taken l)y young children 
very well for short operations if it 
is carefully given, but as the body 
temperature may be lowered from y 2 ° 
to 3"" F. very quickly, and that loss is 
very serious, one should hesitate be- 
fore giving ether to a very young 
child. Some years ago the author 
tested the effects of giving ether to 
young children, and the main points 
which struck him were the liability to 
salivation and bronchorrhea, which 
he regarded as not only distressing, 
but injurious to the children. Buxton 
(Proceed. Royal Soc. of Med., April, 
1910). 

To prevent secondary and late con- 
gestive phenomena in the lungs from 
the ether anesthesia with cold vapor, 
the writers advocate warm ether 
vapor. They pass the ether vapor 
through a bent tube plunged in hot 
water which is kept warm by a ther- 
mos bottle. They have practised this 
in 250 to 300 cases, and never have 
had any immediate accident, nor pul- 
monary complication. They have been 
able to continue anesthesia up to 3 
and 3.5 hours. Gaehlinger and Poire 
(Bull, et mem. de la Soc. de chir. dc 
Paris, p. 542, 1917). 

This is an important hint; as shown by 
Sajous, ether pneumonia is mainly due to 
lowering of the temperature in the al- 


veoli, the defensive ferments thus losing in 
part their bactericidal activity, which depends 
upon the temperature to which they are 
exposed. — E ditors. 

Cardiovascular Disease. — In ad- 
vanced arteriosclerosis and aneurism 
ether is relatively contraindicated be- 
cause of the fact that the rise of blood- 
pressure it produces may result in 
rupture of a vessel. 

It is difficult to predict how a pa- 
tient with heart disease will stand an 
operation. The nature of the lesion 
counts for far less than the degree of 
compensation. This applies equally 
to valvular lesions and to myocardial 
insufficiencies, though in the latter it 
is much harder to judge the exact 
condition. When it is known that a 
heart lesion exists, the anesthetist 
usually exercises extreme care, and 
this appears to he of great benefit to 
the patient. The use of large quan- 
tities of anesthetic within a short 
time seems to be particularly danger- 
ous. Irregularities of the heart, with 
one exception, do not appear to be 
of great importance in giving anes- 
thetics. Exlrasy stoles usually disap- 
pear during the operation and may 
not return for days afterward. The 
permanently irregular heart with 
delirium cordis, however, often causes 
alarm and the pulse becomes very 
fast. A. W. Hewlett (Fhys. and 
Surg., Mar., 1910). 

The author has had more troubTe 
with operations and anesthetics in 
septic patients where the heart mus- 
cle has been weakened by absorption 
than in cases of valvular lesions. It 
is advisable to shorten as much as 
possible necessary operations upon 
such septic patients and the minimum 
amount of anesthetic should be given. 
Excessive adipose tissue is a distinct 
contraindication for some operations 
like the Wertheim operation for the 
radical removal of cervical cancer. 
R. Petersen (Phys. and Surg., Mar., 
1910). 

Any patient with a full, bounding 
pulse, high blood-pressure and plethoric 
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appearance, with heavy specific f^ravity 
of the urine and excess of uric acid and 
urates, will, in the absence of heart 
lesion, take chloroform belter than 
ether. Ingle (Amer. Jour, of Surg., 
July, 1911). 

Renal Disease. — The presence of 
acute renal disorder or of chronic 
parenchymatous nejdiritis is a con- 
traindication to ether, which is held 
to he more irritant to these orj^ans 
than chlorofonn on account of the 
much larger quantity used (in spite 
of the fact that, volume for volume, 
chloroform is the more irritating of 
the two), J'Ther tends to diminish 
the quantity of urine, while chloro- 
form lends to cause a marked post- 
anesthetic increase in the urinary 
How. This difference doubtless de- 
pends on the difference between the 
two drugs in their action on the 
vessels of the splanchnic area, chlo- 
roform causing dilatation, while ether 
tends to constrict. The fact that 
many renal cases are arteriosclerotic 
is frequently an additional contrain- 
dicating factor with res])ect to ether. 

An extensive research confirmed the 
decidedly favorable effects of refrain- 
ing from jjurgation and reducing the 
intake of food preliminary to the 
oj)eralion, while at the same time sup- 
plying fluids in abundance and ward- 
ing off anesthesia acidosis by giving 
glucose and bicarbonate. The vomit 
after el^'cr anesthesia indicates that 
there is achylia. The kidneys may 
show acute damage from the ether; 
in one fatal case it amounted to intense 
nephrosis. This may be the explana- 
tion of certain tardy fatalities after 
general anesthesia. K. Gramen (Acta 
Chir. Scand., Suppl. I, p. 1, 1922). 

Albuminuria is caused by ether much 
oftener than by chloroform, though 
glycosuria occurs less frequently. 

(3pinions are by no meais unani- 
mous as to the superiority of chlo- 


roform over ether in renal cases, in 
cases with heart weakness, the latter 
might he preferable. 

In nephritis scopolamine-morphine 
narcosis, nitrous-oxide gas comhined 
with oxygen, or lumbar analgesia 
should he given preference. Boldt 
(Med. Record, May 20, 1900). 

Atropine reduces markedly ether hy- 
perglycemia; the greatest reduction is 
in the first 15 minutes. Ross (Jour, 
of Pharm. and Exper. Thcrap., Feb., 
1919). 

Diabetes Mellitus. — Both ether and 
chloroform are contraindicated in this 
disease, although tlie use of insnlin 
reduces the risk of coma. Nitrous 
oxide anesthesia, with or without 
oxygen, or local anesthesia, is ])rcfer- 
ahle for these cases. 

Anemia. — Pronounced anemia, i.c., 
where the hemoglobin percentage is 
at 50 or below, contraindicates ether. 

In operations upon the nose and 
mouth, ether, as commonly employed, 
is disadvantageous owing to the 
necessity of more constant adminis- 
tration of the anesthetic than in the 
case of chloroform, as well as on ac- 
count of the greater irritation of the 
mucous membranes and more pro- 
fuse flow of mucus and other secre- 
tions induced. By the use of in- 
tranasal tubes for the introduction 
t)f the anesthetic these drawbacks of 
ether can in part he avoided. 

In many intracranial operations, 
ether is contraindicated because the 
rise of hlood-prcssurc it causes in- 
duces congestion of the local vessels, 
which, in turn, leads to an annoying 
amount of hemorrhage. 

Patients in whom, upon previous 
administration of ether, the latter 
has caused untoward pulmonary or 
renal symptoms, should not he given 
this drug at subsequent operations. 
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STAGES AND CHARACTERIS- 
TIC PHENOMENA OF ETHER 
NARCOSIS.— Hie effects of ether 
in the course of anesthesia may be 
divided, from the clinical standpoint, 
into several stages : 

1. The sta^'c of mental confusion 
or impaired consciousness, in which 
there is at the vStart a subjective feel- 
ing of general warmth, sometimes a 
choking sensation, and smarting of 
the nose and throat. Soon after, the 
senses of sight and hearing become 
obtunded, tinnitus may be experi- 
enced, and a sensation of stiffness in 
the limbs may come on. The irrita- 
tion of the mucous membranes by 
the anesthetic causes a greatly in- 
creased secretion of mucus and sa- 
liva. The ])atient becomes mentally 
confused, but when spoken to loudly 
may understand what is said and re- 
spond. 1'he ])ulse is increased in 
strength and rapidity, and the res- 
piration may be slightly accelerated. 
Even before consciousness definitely 
disappears, peripheral sensibility 
may be lost. There occurs thus a 
period of “primary anesthesia,” dur- 
ing which small ()])erations, such as 
opening an abscess, may be ])er- 
formed, or the pains of labor in par- 
turient women obviated. The patient 
may become hilarious soon after the 
administration of the anesthetic is 
begun, but the exhilaration usually 
marks the advent of the second 
stage. 

The author pours 3 to 5 Gin. (1 to 
ly^ drams) of ether into the cone and, 
after the patient has taken 10 to 15 
deep inhalations, the operation can 
begin. He terms this method “one- 
niinute anesthesia,” since in many 
cases the operation can be started in 
about a minute after the first inhala- 
tion is taken. He has used the 
method in about 200 cases. To get 


the best results, not only as to safety, 
but efficiency, the patient must be 
kept in the narrow zone between the 
stages of sensibility and excitement. 
The patient counts after the anes- 
thetizer, who occasionally changes 
the order of the numbers, and the 
minute the correct answers cease the 
anesthetic should be stopped and the 
operation begun. Clifford (West. Med. 
Rev., Nov., 1904). 

The special sense organs become in- 
active in ether anesthesia long before 
general consciousness is lost. Vision 
and audition cease before touch and 
sense of position. A feeling (anguish 
or anger, etc.) is the most persistent 
mental state. In the process of grad- 
ual recovery of normal consciousness 
feeling is first reinstated. Purely in- 
tellectual activity, without images, is 
next in order. Vague tactual sensa- 
tions, pressure, and sense of position 
return before sight and hearing. 
Johnston (Jour, of Abnormal Psych., 
April-May, 1909). 

Many small operations can be per- 
formed in the first stage of ether nar- 
cosis : It is only necessary to instruct 
the patient to breath deeply seven to 
eight times, and then press a mask 
saturated with 10 c.c. (2>'1> drams) of 
ether firmly upon tlic face. The anes- 
thesia lasts from five to ten minutes, 
and is not usually followed by nausea 
or other after-effects. W. Busse 
(Therap. d. Gegenwart, May, 1909). 

The writer has found it possible to 
prolong to an hour or more the stage 
of incomplete anesthesia in which sen- 
sibility is abolished, hut the patient is 
still able to respond to questions, give 
his name, and look around — Aitlier- 
raiisch. He has performed major 
operations on the leg, abdomen, etc., 
with this anesthesia, the patients lying 
quiet, babbling unintelligibly and 
moving their heads, but otherwise not 
interfering with the operation. Mosz- 
kowicz (Zentralbl. f. Chir., Feb. 5, 
1910). 

The author has performed 35 
laparotomies under primary ether anes- 
thesia alone, never letting the patient 
pass from the stage of “drunkenness” 
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to that 'of agitation, and only giving a 
few drops when there are signs of re- 
turning consciousness. Afariani (Gaz. 
degli ospcdali, Nov. 15, 1^10). 

2. The stage of excitement, in 
which, owing to the pr()l)a])le ])rim- 
ary stimulating effect on certain por- 
tions of the brain, the patient acts, 
especially if the ether be given too 
rapidly, as if he were intoxicated 
with alcohol, struggling more or less 
violently and sometimes shouting, 
laughing, singing, etc. lie often 
tries to remove the gauze or inhaler 
and to rise from the table. Hallu- 
cinations are frequent during this 
stage, and when ether is adminis- 
tered to a woman, a third party 
should invariably be present. The 
heart action in this stage is decidedly 
accelerated, while the resinration 
may be irregular, presenting an al- 
ternation of complete suspension for 
a longer or shorter time, owing to 
reflex inhibition from the irritated 
respiratory passages, and of compen- 
satory deep and rapid resjnrations, 
which tend to bring about sudden 
introduction of a large amount of the 
anesthetic. The skin is flushed, 
warm and moist, the pupils are gen- 
erally dilated, but the ])ui)illary light 
reflex, as well as other reflexes, arc 
still present. 

3. The stage of completed surgical 
anesthesia, in which, in addition to 
entire loss of consciousness, the 
function of all reflex mechanisms, 
including those of the spinal cord, 
is at a standstill. (Since Crilc has 
shown that continued violent stimu- 
lation of sensory nerves may produce 
abnormal changes in the cells of cer- 
tain centers, the statement that ether 
anesthesia totally abolishes central 
activity is no longer warranted.) In 


this stage, the muscles arc relaxed, 
the arm dr(>])ping when raised. The 
pulse under ether is still accelerated 
and of full volume. The respiration 
is regular, slow, fairly full, and 
sometimes noisy, in which event the 
head should be turned laterally in 
order to cause the uvula tt> drop to 
one side and the diameter of the ])as- 
sage to increase. As the ]K‘rit)d of 
anesthesia increases, th(‘ breathing 
becomes gradually shallower, and 
rarely, in long ])rocc(lures, markedly 
feeble and once more irregular. The 
skin in this stage is moist and suf- 
fused as before. The ])Upils are con- 
tracted as in normal sleep, and the 
reflexes, at the beginning of the third 
stage, disap|)ear in the following or- 
der: (1) Patellar. (2) Reflexes of 
coughing- and swallowing. (3) Cor- 
neal and conjunctival reflexes, ddie 
pujnllary light reflex is retained, 
though the j)U])il is small. The tem- 
perature is slightly lowered — less 
than with chloroform. 

When the ether is sto])ped at the 
end of the operation, the ])atient, in 
recovering, may pass again through 
the stage of excitement, though this 
is regularly milder and shorter than 
in the beginning. The patient often 
vomits, ])robably partly because of 
the irritation of the pharynx and 
stomach by the ether, and then falls 
asleep. 

The third stage of ether anesthesia 
is divided hy the writer into 4 strata. 
One of the most important signs in 
anesthesia, he states, is the condition 
of the eyeball. Aside from extrane- 
ous circumstances, such as po.sitional 
asphyxia, hemorrhage, and shock, the 
patient is safe and in good condition 
if the eyeball is moving or stationary 
but eccentric. As he enters the first 
stratum of the third stage either 
from above or below, a partial paraly- 
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sis of the motores oculi is manifest, 
resulting in a rhythmical oscillation 
of the eyeball, or a stronger tonic 
contraction of one set than of an- 
other, resulting in a stationary hut 
eccentric globe. Occasionally, in al- 
coholic patients or persons with high 
reflex tension, a peculiar, slight twitch 
of the globe, usually in a lateral di- 
rection, is noted. This twitch may 
not occur until from 3 to 5 seconds 
after the lid has been raised for in- 
spection. When it occurs, either late 
or early, it means that the paralysis 
of the motores oculi is only partial. 
If a rhythmical oscillation, an eccen- 
tric stationary globe, or a twitching 
is noted, the patient has not had too 
much anesthetic and, other things be- 
ing equal, ideal surgical anesthesia is 
present. A. E. Guedel (Amer. Jour. 
Surg., xxxiv, Anes. Supp., 53, 1920). 

4. The stage of danger or collapse, 
where too much ether is adminis- 
tered or the anesthesia excessively 
prolonged. Here the pulse becomes 
weaker and more rapid than before, 
and may not be felt at the wrist. 
The respiration is shallow, slow and 
often stertorous, owing to complete 
relaxation of the muscles of the soft 
palate ; the skin is cold and livid. The 
pupils are dilated, with the light re- 
flex abolished. The temperature is 
clearly subnormal. Loss of muscle 
tone is even more complete than in 
the stage of surgical anesthesia, and 
the limbs are in an entirely limp con- 
dition. Death, if it occurs, usually 
results from failure of the respiratory 
center. 

PREVENTION OF THYMIC 
DEATH. — Status lymphaticus, i.c., 
general hyperplasia of the lymphatic 
glands, is a familiar cause of death 
during anesthesia. The thymus is 
the active factor in the lethal process, 
when dilated, owing to the pressure it 
exerts upon the underlying trachea. 


Chevalier Jackson by intratracheal 
examinations in vivo showed conclu- 
sively that such was the case, the 
trachea being so compressed in some 
instances as to prevent the passage 
of a pin. 

Why should ether cause death in 
such cases? It should be borne in 
mind that “thymic death,’’ as it is 
termed, may be caused not only by 
anCvSthetics but also the most trivial 
causes: dancing, running, mental ex- 
citement, cohalntation, the mere in- 
troduction of a tongue de])ressor, etc. 

Sajous, Sr., answered this question 
recently (Anesthesia and Analgesia, 
April, 1926) by showing that “just as 
the secretion of the adrenal medulla 
regulates the contractile power of the 
cardiac and vascular unstriated mus- 
cle fd )ers, so dcjes it regulate the con- 
tractile power of the unstriated mus- 
cle fibers contained in the lymph 
glands, nodes and vessels.” Anes- 
thetics which cause a rise of blood 
pressure, and excite primarily the 
functions of the adrenals, thus do so 
not only by the influence on the car- 
diovascular system, but also by in- 
creasing the lymph pressure. The thy- 
mus, a lymph gland extremely rich in 
lymph channels, thus becomes itself, 
owing to its sponge-like structure, 
tensely engorged, and if already en- 
larged, as it is in status lymphaticus 
subjects, readily becomes sufficiently 
engorged, tense, and hard as to 
produce what Sajous has termed 
“thymasphyxia.” 

Treatment. — The measures indicated 
to forestall and arrest the lethal trend 
in such cases are those which empiri- 
cally have given good results when 
high blood-pressure is present, as it 
is likely to be during the stages of 
mental confusion and excitement. 
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Here such drugs as strychnine, cocaine, 
adrenalin, etc., which tend to raise 
the blood-pressure, would only aggra- 
vate the case and perhaps insure 
death. Conversely, vasodilators, amyl 
nitrite, nitroglycerin, venesection, 
and, for the purpose of reducing the 
viscidity of the blood and lyinj)!! and 
causing general vasodilation, warm 
saline solution injected slowly, arc 
indicated. 

METHOD OF ADMINISTRA- 
TION. — Preparation of the Patient. — 

Examination of the patient’s urine, 
circulatory system, and if anemia be 
suspected, of the blood, are pre- 
requisites to a well-conducted anes- 
thesia. The urine should be examined 
as to amount and for the prevSence or 
absence of albumin and casts. Where 
the amount is subnormal, free ad- 
ministration of water, with or with- 
out saline diuretics, is advisable 
(Hare), while if casts are found in 
large number, or sugar is present, 
ether anesthesia is contraindicated. 

Where cardiac disease, especially 
of the valvular variety, is not so 
marked as already to give rise to pro- 
nounced symptoms of insufficient 
heart function, the administration of 
some such drug as strophanthus has 
been advised. 

In the presence of a hemoglobin 
percentage lower than 50, ether 
should be given only in case of great 
necessity, in view of the destructive 
action of the drug on the red cells. 
Some surgeons, however, have placed 
the danger limit at 40 per cent. The 
administration of oxygen is of value 
during and after anesthesia of seri- 
ously anemic patients. 

Plenty of nutritious and easily di- 
gested food should, if possible, be 
supplied to the patient until the day 


before the operation, when the diet 
.should be made light. No solid food 
or milk should be allowed within 
several hours of the anesthesia, but 
water and gruels may be given to 
within two or three hours of it. 

Glucose is valiial)Ie both before and 
after operations, not only to ])revent 
or combat acid intoxication, but as a 
food which makes no call on diRes- 
tion. A tablcspt>onfnl can be Riven 
with water and lemon-jiiice tliree 
times or more in the twentvTonr 
hours, or in special cases it may be 
given by the rectum or intravenously 
(2.45 per cent). Mortimer (Lancet, 
June 17, 1911). 

Mellish advises that castor oil be 
given at least twenty-four hours ])e- 
fore the operation, so that the patient 
will not be depleted of fluids l)cfore 
the intervention. An enema is then 
given a few h(»urs before the anes- 
thesia. Some ..'iirgeons administer 
only a mild aperient some hours be- 
fore the operation. Others advise 
against any a])erient. 

The mouth should always be ex- 
amined ])revious to inhalation anes- 
thesia, and such foreign bodies as 
detachable false teeth, food remnants, 
chewing gum and tobacco, removed. 

Any plate containing artificial teeth 
should he removed from the patient’s 
mouth if it is so small that if dis- 
lodged it might prove dangerous either 
by being swallowed or lodging in the 
gullet. Da wham (Jour. Amer. Med. 
Assoc., April 21, 1906). 

The writer adds a small amount of 
chloroform to the ether. The mixture 
is practically as safe as ether alone. It 
seems safer than chloroform and more 
rai)id in action than pure ether. 
McCardie (Brit. Med. Jour., Apr. 21, 
1917). 

It should also be made a rule to 
wash out the oral cavity with a dilute 

potassium permanganate or hydrogen 
dioxide solution. 
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The author insists upon the im- 
portance of preliminary thorough dis- 
infection of the mouth by inhalations 
of thymol and by salicylic acid with 
alcohol and hot water; this is done 
on the preceding night and just be- 
fore operation. The antiseptic in- 
halations are resumed as soon as the 
operation is completed. This method 
materially lessens the after-dangers 
of etherization. Pneumonia induced 
by etherization is of a different type 
to the usual form, with lower and 
less regular temperatures and with- 
out the appearance of a true “crisis.” 
The pulmonary signs develop later 
and there are less cough and sputum. 
In prophylaxis, stress is laid upon 
strict limitation of the quantity of 
anesthetic * inhaled and attention to 
the posture of the patient. A. Otte 
(Lancet, Dec. 26, 1908). 

Any tig^ht clothing over the neck 
and chest should he loosened before 
beginning the anesthesia. 

The induction had best be con- 
ducted in a quiet room. No talking, 
except to the patient, should be al- 
lowed during this period, and no 
attempt to move the patient should 
be made in the early stages of the 
anesthesia. Care should be taken by 
the anesthetizer to gain his confidence 
and allay any fears of the anesthesia 
he may have entertained. 

It often happens that only toward 
the close of an operation is the pa- 
tient’s abdomen in a perfectly satisfac- 
tory condition of relaxation from the 
surgeon’s point of view. It is well, 
therefore, in abdominal ca.ses, to let the 
anesthetist get to work at the earliest 
possible moment — as soon, for instance, 
as the surgeon begins to get his instru- 
ments ready. Blumfeld (Lancet, May 
31, 1902). 

During the first stages of the in- 
duction of anesthesia fear may be 
an important factor in causing a 
catastrophe. A nervous boy, aged 
about 9 years, was to have his tonsils 
and adenoids removed under chloro- 


form. He was placed on tne table, 
and a relative was holding his hand. 
The mask was held before his 
face, and before any chloroform was 
poured on it the patient began to 
breathe rapidly, drumming with his 
heels on the table, and saying “Pm 
going.” The anesthetist tried to 
quiet him and told him that he had as 
yet had no anesthetic, ])ut the rapid 
breathing continued for a few sec- 
onds, and the boy died. Nothing ab- 
normal had been found in the chest 
before the administration. No post 
mortem was allowed. R. J. Probyn- 
Williams (Clinical Journal, Dec. 23, 
1908). 


Moistened gauze or cotton may be 
placed over the paticnt’.s eyes during 
tlie administration. 

Protection of the eyes in anesthesia 
is most satisfactorily accomplished 
by taking small pledgets of absorbent 
cotton, placing them over the eyes 
to absorb the tears, and over this a 
piece of rubber dam large enough to 
cover both eyes and extend over the 
eyebrows, with a vent to allow of 
protrusion of the nose, and which 
closely adheres to the skin of the 
face. Over all is placed a flat piece 
of absorbent cotton of the same 
shape and size as the rubber dam, 
with a slit for the nose. This ab- 
sorbent will catch any drops that 
may accidentally fall on the face. 
Samuel Johnston (Can. Pract. and 
News, Mar., 1912). 

Exclusion of two or more extremi- 
ties from the general circulation 
during anesthesia has been advised 
by Klapp and otliers. 

With the application of constricting 
bands high on the thighs, thus dam- 
ming off part of the circulating blood, 
far less of the anesthetic is required. 
The author first applies a constricting 
band to collect a certain amount of 
blood in the legs and then over this 
applies a tourniquet to shut off the 
blood as effectually as with an Esmarch 
bandage. He orders the patient to 
breathe deeply and tranquilly ; the room 
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should be perfectly still. Then from 
10 to 20 c.c. {2yj to 5 drams) of ether 
are given all at once, which is enough 
for fifteen minutes’ anesthesia. h'or 
longer operations he gives from 20 to 
30 c.c. (5 to lYi drams) at once, and 
then 10 c.c. (2K* drams), continuing 
with the drop method. Klapp (Therap. 
Monats., Jan., 1910). 

Klapp's method applied. Six pa- 
tients dcvcl()j)ed thrombosis among the 
75 laparotomized. None of the patients 
was subject to varicose veins. ‘ The 
thrombosis in the leg in each case was 
transient and harmless, but it has con- 
vinced the author that this method has 
too many dangers. The thrombosis de- 
veloped exclusively after laparotomies, 
nothing of the kind having l)een ob- 
served after 110 vaginal operations. 
Gnifenberg (Dent. nied. Woch., I'eb. 
3, 1910). 

Klapp’s method used in 71 cases. 
Thromliophlebilis de\ eloped m 3 cases. 
With ])art of the circulation shut off 
the tendency to vomiting ceased to be 
materially reduced, but this advantage 
was counterbalanced by the sense of 
weight and tingling in the legs in the 
first few days after the operation. In 
the 3 cases in which thronihophlcbitis 
deveh)ped the constriction had been 
applied for from sixty to seventy-two 
minutes: the operations were for hernia 
or ankylosis of the knee. Honati 
(Riforma medica, March 14, 1910). 

Report of 03 cases in which an Es- 
march bandage was applied to the legs 
or arms or both to exclude these mem- 
bers from the general circulation. Idle 
amount of chloroform necessary for 
major operations thereafter was much 
lessened. The first phase of anesthesia 
was shortened, the nerve-centers feeling 
the effect of the anesthetic remarkably 
early, and the patients rousing after- 
ward much quicker. No by-effects 
were observed. Berri (Gaz. degli 
ospedali, May 22, 1910). 

Upon contracting the circulation 
during general anesthesia by applying 
tourniquets to the extremities, there is 
less bleeding in operations the head, 
neck, and trunk, and even on a non- 


obstriictcd part of an extremity. The 
method may he applied for hemorrhages 
occurring during childbirth and internal 
hemorrhages. Tlie author applies the 
small ruhher tube near the axilla and 
gndn undvr slight tension before begin- 
ning the ane.sthetie. lie withholds the 
cIilon)form until there is a hluish-red 
congestion of the extremities. The 
veins are almost eiunplclely obstructed 
by the touriiiiiiiet and the arteries only 
partially, the back pressure completing 
the blockage in them, llaiis (Zeiitralbl. 
f. CTir., Hd. xxwii, S. 1579, 1910). 

Klapp’s technujue employed in 1144 
eases, using cbloroforni, and in 35 with 
ether. When the constriction was re- 
moved, the blood and tissues exeliuled 
from contact with the anesthetic diluted 
and took it up r.ipidly. The jiaticiit 
roused at once or in about ten minnte.s, 
and tlie [lostanestlietic di.sturl)ances were 
reduced m frequency and intensity. In 
ease of accident, removing one or more 
of the l>ands ilusbes the system with 
fresh blood and starts nj) the respira- 
tion anew. I'be members feel a little 
numb or there may be minute eceliy- 
moscs. l’osloi)erative phlebitis de- 
vclo])ed in 4 cases. Heart and vascular 
disease or general infections may con- 
traindieate the melbrnl in certain cases, 
but it has special advantages in all 
eases of kidney and liver disease. 
Uelageniere (Bull, de I’Aead. do Med,, 
July 25, 1911). 

Posture. — The patient’s head may 
either rest (.)ii tlie table or ]>c some- 
what elevated by a firm pillow, in 
order, as much as jiossililc, to remove 
tension from the anterior tissues of 
the neck and facilitate brcatliing. 
Where there is j)us on one side of the 
thorax the patient should always be 
turned upon that side during anes- 
thesia, in order that the opposite lung 
may be wholly unhampered in its 
work, as well as to prevent any pus 
from entering the bronchus of the 
sound side (Probyn- Williams). 

Stress laid on comparative fre- 
quency of paralyses of the brachial 
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plexus after operations in Trendelen- 
burg's posture which, the author be- 
lieves, are due to pressure exerted on 
the plexus at a point between the 
clavicle and the first rib. In addition 
he has noted minor disturbances such 
as temporary numbness, crawling 
sensations, etc. All these unpleasant 
phenomena can be avoided by ar- 
ranging the arms in a proper manner 
and at the same time noting the 
amount of compression to which the 
arteries are subjected. The pulse at 
the wrist is a valuable guide. The 
arms should be fastened to the sides, 
below the table, with a cushion under 
each arm. Rothe (Zentralbl, f. 
Gyniik., Nu. 12, 1904). 

The author recommends, in vaginal 
operations, placing the arms across 
the chest and keej)ing them in posi- 
tion by winding the lower part of the 
sheet under them. In laparotomies, 
the arms are crossed under the back. 
In this manner, they are kept from 
hanging over the edge of the table 
with the possible result of a pressure 
paralysis. Preschnig (Zentralbl. f. 
Gynak., June 25, 1904). 

Patients with any pre-existing re- 
spiratory affection should not, as a 
rule, be placed in the Trendelenburg 
posture. F. W. Hewitt (Lancet, Aug. 
10, 1907). 

While a patient is in the Trendelen- 
burg position the percentage of de- 
crease in the excretion of urine is 58 
per cent, in ether anesthesia and 82 
per cent, in anesthesia by chloroform. 
This great decrease is not, even in 
moderate degree, due to urine being 
retained in the renal pelvis, nor to un- 
satisfactory drainage by the catheter. 
In renal inefficiency and cardiac and 
arterial lesions it seems that the use 
of the Trendelenburg position intro- 
duces a special element of danger, 
and this less markedly when ether is 
used than when chloroform is em- 
ployed. Bovee (Amer. Jour. Med. 
Sci., Jan., 1911). 

In operating upon the nose and 
throat the two m^in reasons for 
desiring the upright position are: 


First, that more skillful and there- 
fore more satisfactory work can be 
done when one can make use of the 
same topographical relationship with 
the patient as that to which one is 
accustomed in every-day office prac- 
tice. Second, that in any operative 
work about the head less blood is 
lost when the patient is upright. In 
routine operations performed in the 
nose and throat, even without alert- 
ness in sponging, embarrassment 
from blood flowing into the windpipe 
does not occur. 

The elevation of the body from the 
recumbent to the upright position 
should be made slowly. The secret 
of a safe and uninterrupted adminis- 
tration of an anesthetic in the upright 
position is in keeping the neck some- 
what stretched and the head mod- 
erately extended over the head-rest. 
T. K. French (N. Y. Med. Jour., Mar. 
16, 1912). 

Preliminary Medication. — Morphine 
sulphate, to M Ri'ain (0.008 to 
0.016 (hii.), and scopolamine hydro- 
bromide, j4oo to Yiui) grain (0.(X)032 
to 0.00065 (im.), arc not infrequently 
given hypodermically in a single or 
in divided doses in the two hours 
preceding anesthesia. I'he combina- 
tion acts as a decided adjuvant to the 
action of the ether, reduces the 
amount of the latter to be adminis- 
tered, i)laces the patient in a drowsy 
state previous to operation, and tends 
to prevent excitement during the in- 
duction. Its disadvantages are, that 
it renders observation of the pupil 
practically valuless in judging of the 
depth of anesthesia, and that the pa- 
tient remaining narcotized some five 
or six hours after the end of the opera- 
tion, constant watching is necessary 
during this entire period. The 
method should not be used in cases 
of heart disease, and must be em- 
ployed only with caution in aged 
persons as well as in the young. 
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Scopolamine and morphine used in 
132 cases before ether was adminis- 
tered. Tn only 2 cases did the writer 
observe initial excitation of the pa- 
tient. In 102 cases the average 
period of induction was eleven min- 
utes. The excitement stage is prac- 
tically eliminated. Vomiting during 
operation is- rarely seen. There is no 
secretion of mucus and the respira- 
tions are as noiseless as in chloro- 
form anesthesia. The respiration is 
considerably checked and, conse- 
quently, dehydration of the body is 
diminished. The amount of anes- 
thetic is markedly reduced. In 131 
cases the average amount of ether 
per hour was exactly 4 ounces (120 
C.C.). The patient usually sleeps a 
considerable time after the operation 
and is thus relieved of the initial jiairi 
and vomiting. Forty-two per cent, 
had no post-operative} vomiting. The 
anesthetic may be withdrawn for 
considerable periods during the op- 
eration and almost always after the 
closure of the peritoneum. In 1 case 
(a vaginal hysterectomy) it was with- 
drawn for fifty-five minutes. In an- 
other (the removal of a large cyst) 
the patient went fifty minutes with- 
out ether. In none of the cases was 
there pneumonia or bronchitis. The 
scopolamine-morphine mixture is of 
much advantage in nervous women 
undergoing abdominal or pelvic op- 
erations and in whom there is no 
contraindication. R. Mauritis (Physi- 
cian and Surgeon, Mar., 1910). 

The authors have used hyoscine 
and morphine in over 200 cases as a 
preliminary to general anesthesia in 
adults. The ordinary dose was hy- 
oscine Mon grain (0.0006 Gm.), mor- 
phine % grain (0.01 Gm.), atropine 
grain (0.00(X)35 Gm.), hypoder- 
mically, one to three hours before 
operation. In young women the 
dose of hyoscine was sometimes %oo 
grain (0.0003 Gm.). The majority of 
patients had the previous night 10 
grains (0.6 Gm.) each of tnonal and 
sulphonal. Fifteen minutes after the 
hypodermic injection the patient is 
completely indifferent to his sur- 


roundings. lie walks into the 
operation room (when his condition 
permits) without apprehension, is 
somewhat dazed, hut replies intelli- 
gently to questions, usually takes the 
anesthetic without terro»* or strug- 
gling, and wdien he wakes up some 
hours later rememhers nothing that 
has happened. Less of the anesthetic 
is required, the quieting effect on 
alcoholic is noteworthy, and post- 
operative vomiting is much less fre- 
quent. In no case were there ill 
effects. In cardiac cases the pro- 
cedure adds an element of safety. 
The authors have not carried it out 
where there has been albuminuria. 
Darling and Williamson (Dublin 
Jour, of Med. Sci., July, 1911). 

hi cases of goiter and glandular 
growths pressing upon or displacing 
the trachea, the safest method, if 
ether is used, is to inject atropine 
gr. Moo (0.(XX)6 Gm.), or this to- 
gether with morphine and scopola- 
mine, half a:? hour before giving 
ether by the open method. In this 
way a certain diminution of the 
bronchial secretion can in some cases 
he obtained. Tn large numbers of 
cases of goiter, both simjile, malig- 
nant, and exophthalmic, the author 
has used chloroform in low per- 
centage vapor with a copious stream 
of oxygen. I'his plan has answered 
extremely well, and possesses the 
great advantage that one can readily 
lighten and deepen narcosis as the 
steps of the operation demand. Bux- 
ton (Brit. Med. Jour., Nov. 4, 1911). 

All patients, except possibly those 
under 8 or over 80, should have pre- 
liminary medication. It is much 
easier to anesthetize a patient half- 
asleep than one with the reflexes all 
in rebellion. The tissues of the 
human body, after an operation last- 
ing an hour or more, are in a con- 
dition that, if evil effects are to fol- 
low the use of ether or chloroform, 
they are apt to occur. Here nitrous 
oxide and oxygen should be intro- 
duced cautiously and quietly. The 
patient should be. under the gas less 
than two minutes. The author does 
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not believe in the drop method as a 
constant one. He uses it daily at 
some lime in the anesthesia, but con- 
siders the vapor method \vith warm, 
attenuated, moist air its superior by 
far, and superior to the nitrous-oxide 
and oxyj^en method. At the close of 
every operation the patient should 
have from 1 to 2 pints (50() to 1000 
c.c.) of warm saline with I ounce of 
glucose per rectum to relie\e thirst 
and hll out the veins. As the opera- 
tion is closing or a little later, an 
enema of 3 to 6 ounces (90 to IHO c.c.) 
of warm olive oil should be f^iven to 
restore tlic oi)Sonic index. Witli 
these precautions, not 1 jiatient in 
10 will have any nausea, vomitinj», or 
unpleasant recollections of the opera- 
tion. J. C'. (iwathmey (Jour. Amer. 
Med. Assoc., Feb. 17, 1912). 

Essential Oils. — Tltcir use has been 
recommended to facilitate the induc- 
tion of ether anCvSthesia. As far hack 
as H.X)2, I*ri^j.^s advised that 1 dram 
(4 c.c.) of the oil of peppermint or of 
a 50 per cent, solution of menthol in 
alcohol he s])rinklcd over the inhaler 
and respired by the patient for about 
three minutes l)efore the administra- 
tion of ether was ])ej.^;un. More re- 
cently Gwathmey has recommended 
the preliminary administration of oil 
of orange. d"he value of these oils, 
which recent experience seems to 

have confirmed, consists in renderinef 
the induction mcjre easy and rapid 

and the anesthesia “smoother’' 
throughout, in overcoming all ten- 
dency to coughing and choking sen- 
sations, in suppressing or greatly 
shortening the period of excitement, 
and in diminishing the post-anesthe- 
tic vomiting. 

The essence of orange-ether method 

overcomes, according to the writer, 

the usual objections to a closed 

method. It has been used in 10(K) 
cases without a fatality of any kind. 
It furnishes a volume of air sufficient 


for respiration with an amount of 
anesthetic sufficient to produce anes- 
thesia. Rel)reathing of small quan- 
tities of COu is a means of maintain- 
ing cardiac and respiratory function 
and preventing shock. The patient 
leaves the table in good condition, 
and recovery is shorter than by any 
other method of ether narcosis. 
There is an a))scnce of prolonged 
nausea and vomiting. The vapor is 
constant in strength, moisture and 
warmth. Etlicr waste is eliminated. 
The average time required to get sur- 
gical anesthesia is 6 minutes. This 
method ai>proachcs the ideal more 
closely than other methods on ac- 
count of the rapid, pleasant induction, 
devoid of excitement; the even main- 
tenance, under perfect control, with 
perfect relaxation; the air supply 
sufficient for oxygenation with par- 
tial rehreathing, and the prompt and 
uneventful recovery. 1. D. Kruskal 
(Trans. Anicr .\ssoc. of Anes.; Jour. 
Amer. Med. Assoc., Aug. 5, 1916). 

Mcliish was able to corroborate the 
statements of Briggs concerning the 
efficiency of peppermint oil in the 
same directions. 

Ether-Oil Anesthesia by the Rec- 
tum. — "riiis method of producing 
anesthesia was introduced by James 
W Gwathmey, of New York. The ap- 
l^aratus required is very simple : an 
India rubber catheter, a funnel, a 
medicine measure, an empty medi- 
cine bottle with a cork for shaking 
the mixture; this shaking must be 
done forci])ly for 2 minutes. 

Gwathmey (1920) attributed the 
following advantages to colonic an- 
esthesia after an experience of sev- 
eral years: (1) It was one of the 
easiest methods to administer, re- 
quiring only a rectal tube with fun- 
nel attached and quiet surroundings 
for the patient. (2) It was one of 
the safest methods, the margin be- 
tween full surgical anesthesia and a 
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toxic dose being greater than with 
any other method. (3) It was one 
of the most pleasant methods for the 
patient, as attested hy the fact that 
those who had tried other methods 
preferred the colonic. (4) It resulted 
in a greater relaxation of the nuiscu- 
lature than was usual with any in- 
halation anesthetic. (5) It reciuired 
a smaller amount of ether ])er hour 
than any other method of adminis- 
tering ether, the estimated amount 
being 2 ounces (60 c.c.) per hour, 
which seldom varied. (6) It was 
regulated as easily as any inhalation 
method; by covering the face with a 
towel to deepen the anesthesia, hy 
placing an airway tube to lighten, or 
by unclamping the rectal tube and 
draining the residue and (lushing 
thoroughly, it could be terminated 
at any time so far as the anesthetic 
was concerned, the ])atient continu- 
ing to sleej) from the other drugs 
used. (7) The brain was more com- 
|)letely protected against reflex stim- 
uli than by any other method of in- 
halation anesthesia, as proved by the 
fact that the patient at times changed 
his position or conversed with the 
surgeon, as in spinal analgesia. 

As carried out satisfactorily hy IT. M. 
Page and G. B. M. White (Lancet, Oct. 
27, 1917), a simple cleansing of the howel 
an hour or 2 before the injection in addi- 
tion to the usual dose of medicine is an 
advantage. One-fourth of a grain (0.016 
Gm.) of morphia, and Goo grain (0 000()5 
Gm.) of atropine is given half an hour be- 
fore the ether-oil injection. From 20 to 
25 minutes before the time of operation 6 
ounces (180 c.c.) of a mixture of 2 parts 
of ether and 1 part of oil are slowly ad- 
ministered by the rectum, 6 minutes being 
spent in making this injection; the catheter 
is passed 3 or 4 inches into the rectum. 
When the operation is finished the remain- 
ing ether-oil must be washed out, using a 


large rectal tube and funnel. The wasli- 
ing is cojitinued until no ether or oil can 
be detected in the retiirninj^ Iluid. Before 
withdrawing the tube 3 ounces (90 c.c.) of 
olive oil arc passed into the rectum and 
left there. 

By following this tcchniciuc there have 
been no rectal, pulmonary, nor ^.^astric 
sequela*. Return of consciousness is not de- 
layed when washing out is done well. 

The dose of ether for rectal anes- 
thesia depends ii])on tlic age and 
weight ()1 the jiatieiit, a)>oiit 1 ounce 
(30 c.c.) of ether being re<iuired for 
each 25 pounds of body weight. This 
may he lessened when paraldehyde is 
used. More than 6 ounces ( bSO cc) 
of a 75 per cent, oil-cther mixture 
should not l)e given to adults, regard- 
less of weight. The oeular reflexes 
should never he abolished, and ster- 
torous breathing should not be al- 
lowed to continue. W. M, Johnson 
(N. Y. Med. Jour, Oct. 28, 1916). 

The writer regards rectal ether-oil 
anesthesia as a very valuahlc method, 
provided the proper technique can he 
obtained and a suitable dose given. 
He regards it as being as safe as or 
even safer than llie usual inlialation 
metbods, and believes it to be ap- 
plica]>le to all cases from 3 years up- 
wartl, and of especial value in all 
operations about the head and neck, 
lie suggests rehearsing for a week or 
more before oiieration every detail of 
the technique of administration, since 
in this way the element of fear can 
be almost if not entirely eliminated. 
H. W. Sweetnam (Med. Jour. Aus- 
tral., 1, 452, 1918). 

The writer has a record of 160 op- 
erations on the ear, nose or throat of 
children from 1 to 12 years old, under 
ether anesthesia hy the rectum. This 
experience has convinced him that 
this procedure is absolutely harmless 
for children. They are less suscep- 
tible than adults to the possible 
actions of ether, either from absorp- 
tion or by reflex action from the in- 
testines. If the ether is eliminated hy 
the lungs too rapidly, respiration can 
he hindered and thus the action of the 
anesthetic prolonged, or a few whififs 
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of chloroform can be given in addi- 
tion. There is no phase of excite- 
ment with ether given l)y the rectum, 
but there may be a tendency to vomit 
and hence the stomach should be 
empty when the child comes to the 
table. Vomiting with the ether alone 
does not occur till tardily, usually the 
next day. IJinojar (Archives Es- 
pahole de Pediat., Nov., 1918). 

The writer reports 120 of^cnitions on 
children done under rectal anesthesia, 
and comments on the ease and facil- 
ity of the method, especially in oper- 
ations on the head. The ages ranged 
from 2, 4 and 5 months to 16 years. 
There were 7 deaths, but the anes- 
thesia could not possibly have been 



Fig. l.—Schltumelbusch’s mask. 


incriminated in 5, and in the 2 others 
any connection with the anesthesia 
seems highly improbable. Dc Souza 
(Arch, de Med. des Enfants, Dec., 
1920). 

In a further communication the 
writer states that colonic ether 
anesthesia is automatically maintained 
by the ether separating from the oil 
according to certain inflexible physi- 
cal laws. It is imp. ssible to have 
deep anesthesia at one time and light 
anesthesia at another, unless the 
anesthesia is deepened by rebreathing 
or lightened by an airway tube. 
There is no irritation of the lungs, 
and mucus and saliva are usually ab- 
sent. The temperature of the patient 
remains normal. The skin is warm 
to the touch; the color of the face 
suggests thorough oxidation .ill the 
time, and quiet respiration, normal 
pulse, and good color indicates that 
no toxic condition exists. There i.s 
absence of nausea and vomiting. The 
writer proposes to take advantage of 


the principle of synergism and to con- 
vert colonic anesthesia into synergis- 
tic colonic analgesia. Magnesium 
sulphate (6 to 15 c.c. — Yr, to ]/> ounce), 
given by hypodermic injection 2 hours 
before operation, followed by mor- 
phine sulphate hypodermically (from 
Vi 2 to % grain — 0.005 to 0.024 Gm.) 
one hour before the operation, when 
supplemented by nitrous oxide and 
oxygen (the oxygen being employed 
in a much higher percentage than us- 
ual), gives a safer and better relaxa- 
tion than when ether is used. J. T. 
Gwathmey (Jour. Amcr. Med. Assoc., 
Jan. 22, 1921). 

Administration and Dose. — The ap- 
paratus used in general ether anes- 
thesia ranges from the simple to 
the decidedly complex. The ''open 
method,'' reduced to its simplest 
expression, consists merely in the 
placing of a number of thicknesses 
(8 to 12) of gauze over the jiatient^s 
mouth and nose, and dropping ether 
in gradually increasing, then con- 
stant amount upon the gauze. A 
method formerly much, but now less, 
employed, consists in the use of a 
cone or cornucopia made with a 
towel supported by felt or paste- 
board, the base of which rests over 
the face, and at the apex of which an 
opening is provided, which is filled 
with gauze, upon which the ether is 
dropped. 

There is a tendency to the ex- 
cessive administration of ether and 
insufficient entrance of air with this 
method, which has led to the gen- 
eral adoption of different procedures. 

Recommendation of the use of a 
cone about the size of a quart tomato- 
can, with ends removed and sides 
flattened enough to give an oval 
shape. The top of the cone is closed 
by laying several layers of gauze 
over it, and onto this gauze the 
ether vapor traverses 5 or 6 inches 
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of warm air space, and reaches the 
mouth and nostrils of the patient, it 
has been pretty thoroiij^hly mixed 
with air and is warm. 

The Kauze roof of the chamber of- 
fers sufficient o])struction to the ex- 
pired air so that at the bcRinnin^ of 
inspiration the air chamlH*r is fnll of 
expired air. The rebreathing- aids in 
conservin^f the normal amount ol car- 
bon dioxide in the lungs and, there- 
fore, in diminishing the danger of 
acapnia and shock. If the anesthetist 
wishes to concentrate the ether vapor, 
additional layers of gauze, permitting 
the use of more ether, may be em- 
ployed or the cone may (|uite easily 


such as colitis, hemorrhoids, ulcers, 
listuke and in emergency cases. Its 
advantages arc the prevention of 
shock, narcosis of smooth and uni- 
form depth, and nearly normal pulse 
and respiration There is little or no 
change in blood-pressure; the re- 
flexes are not disturljcd; liypersecre- 
tion of mucus is absent; there is less 
hemorrhage in month, head and neck 
surgery. 

Nitrous oxide and oxygen anes- 
thesia he considers the luxury of all 
inhalation anesthetics. It has proved 
to be IfX) JUT cent, eflicient for any 
operation. J. A Zabrocki (Dental 
( osmos, lix, 1017) 



Fitr. 2.— AlHs’s ether inhaler (Fowler). Showlnsr fenestrated metallic frame with a muslin 
roller in courhc of application, and the Inhaler complete with cover. 


be closed, partially or completely, by 
a towel applied over the gauze top. 

C. P. Bull, Jr (Med, Record, May 24, 
1913). 

The open drop ether method is a 
crude and unscientific method, and is 
responsible for all the ill-repute that 
ether bears as regards nausea and 
vomiting. It is irregular and uneven, 
and predisposes to acidosis. The 
nitrous oxide-ether method is danger- 
ous; it tends to raise the blood-pres- 
sure enormously, to make the patient 
cyanotic, and is responsible for many 
deaths. The writer advocates oil- 
ether anesthesia for neurotics and in 
all operations upon the respiratory 
tract, head, neck, mouth, jaws, chest, 
tonsils and for goiter and adenoids. 

It is contra-indicated in all patho- 
logical conditions of the lower bowel, 

4—42 


(Jne of the plans now often fol- 
lowed involves tlie use of a wire 
frame or mask, such as that devised 
by Scliimmelbnsch (see 1), which 
is laid over the }>alient’s face and 
covered with several layers of gauze. 
A piece of g'auze tissue or other 
absorbent material, with an opening 
in the center wliich is j)laced over the 
mouth and nose, may with advantage 
be used bencatli the mask, i.e., in con- 
tact with the skin. The evaporating- 
surface has to he larger for ether tlian 
for chloroform, and at least twice the 
number of layers of gauze is required 
for the former anesthetic. 

Ether is given by the drop method 
through a mask covered with gauze, 
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slowly at first, and as soon as the pa- 
tient becomes accustomed to the 
vapor the quilted cover is fitted over 
the mask, with the base carefully ap- 
proximated to the patient’s face, and 
the dru^r is then dropped onto the 
Kauze through the aperture. By this 
method patients are put under and 
kept under the anesthetic with a mini- 
mum amount of drug. Pearson (Jour. 
Amcr. Med. Assoc., Nov. 23, 1912). 

An apparatus is described by the 
writer for administering oxygen in 
combination with ether, chloroform, 
or both. An oxygen cylinder is con- 
nected with a 3-bottle api)aralus. 
Valves control the pas.sage of oxygen 
through the bottles, which contain 
respectively chh^roforni, ether, and 
W’ater. Employment t)f this method in 
nearly 1100 cases indicated its simplic- 
ity, economy, absence of cyanosis, and in- 
frequency of post-anesthetic vomiting. 
H. R. Phillips (Proc. Roy. Soc. Med., 
xi, Sect. Anesth., 13, 1917). 

A double mask for ether narcosis is 
recommended by the writer. The in- 
side mask, which is covered with 
gauze, has a second much higher mask 
fitting tightly over it, which is like- 
wise covered with gauze. On the 
second ma.sk, the gauze is held in place 
by a metal ring with a spring. At the 
highest point of the outside mask an 
opening is made in the gauze, and 
cither a small funnel is introduced to 
carry the anesthetic to the mask be- 
low, or the ether is poured a drop at 
a time directly on the inside mask. 
The amount of ether required is thus 
reduced one half, as the fumes do not 
evaporate so quickly in the enclosed 
space. No dLsagreeable features have 
been observed. Jatrou and Wessely 
(Zeit. f. Chir., Jan. 27, 1923). 

A still more perfect and widely 
used instrument is the Allis inhaler 
(see Fig. 2), provided with perpen- 
dicular, parallel linen partitions which 
allow a free passage of air to the pa- 
tient, while also providing ample sur- 
face upon which to drop and vaporize 
the ether. 


The author uses the Allis inhaler. 
Just before beginning he places 3 pieces 
of sterile gauze on it, and in 2000 
cases has had no pneumonia. The 
cone should be placed on the face 
with the head a little elevated so as 
to sit at an angle. The eyes are cov- 
ered with a folded towel. 

lie starts with 1 drop of ether, then 
in a second adds 1 more drop, then 2 
drops, 4, 10, up to 30, and continues 
the v30-drop doses until anesthesia is 
complete, when a few drops every few 
seconds will keep a patient under. G. 
Spencer (Amer. Med., July 11, 1903). 

There are but few occasions in 
which ether may not be given to chil- 
dren in preference to other anes- 
thetics. The most important of the.se 
arc conditions .such as acute bronchitis, 
pulmonary congestion or pneumonia. 
The open method should be adopted 
always. The smaller size of Allis’s 
vinhaler should be used. This should 
have a clean, folded towel pinned 
closely about it, and permitted to ex- 
tend about an inch below the lower 
margin of the cone. The open end of 
the cone should always be allowed to 
remain free and unmolested. If the 
child is very much reduced from pro- 
longed disease, and the operation is 
apt to be a long and dangerous one, 
the child’s body should be swathed in 
cotton-batting or an clectrothcrm used. 
Elmer (Arch, of Pediatrics, June, 1905). 

The mask used by the author is of 
the Allis type and dimensions, impro- 
vised from sulphite fiber covered with 
zinc oxide plaster, and has the Allis 
face-piece of rubber and a floor of 
wire on which are placed some layers 
of gauze. Within the mask is placed 
a 16 candle-power incandescent globe 
covered with several layers of gauze. 
The top of the mask is covered with 
dentist’s rubber-dam tissue, in which 
is cut an opening about the size of a 
silver quarter. The anesthesia is be- 
gun with chloroform. The current is 
turned on with the mask about three 
inches from the patient’s face. The 
drop method is used and continued 
until the patient acknowledges sleepi- 
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ness, which is usually in from three 
to five minutes; then ether is substi- 
tuted for the chloroform. The ether 
can is merely punctured with the 
point of a needle and the ether is 
forced out by the heat of the hand 
and sprayed on the ^an/e over the 
light, whose heat so rapidly vola- 
tilizes the etlicr that, in from three to 
seven minutes more, operative anes- 
thesia is secured without any strug- 
gling, sense of suffocation or hyper- 
secretion. The advantages of the 
method arc: (1) lessened amount ot 
anesthetic; (2) absence of tlie danger 
of ether pneumonia due to the chill- 
ing of the lung tissue; { 3 ) absence of 
kidney complications because of the 
very small quantity of anesthetic to 
be eliminated; (4) almost total al)- 
sence of post-operative nausea and 
vomiting. McRoberts (N. W. Lancet, 
Aug. 15. 1909). 

The pallor and syncope of a too 
open method of giving ether are due 
to acapnia, while by a closed method 
with a fair amount of relireathing an 
excessive loss of carbon dioxide is 
prevented, visceral tonus is main- 
tained and the circulation kept good, 
as shown liy the jiink color of the. 
skin. The Rovsing mask and bag 
afford a good method of controlling 
the rebreatliing. Ily observing the 
color of the skin one can judge tiie 
condition of the circulation. The 
anesthetist should keej) the color a 
wholesome pink. Bryant and Hen- 
derson (Jour. Ame{r. JVIed. .'\ssoc., 
July 3, 1915). 

After a small quantity of ctlier has 
been poured upon the gauze, it or the 
mask covered by it should be held at 
first some distance above the patient’s 
face, and only gradually brought in 
contact. Ether vapor, being heavier 
than air, tends rapidly to sink into the 
patient’s nose and mouth and by its 
irritating properties is therefore likely 
to cause, especially at first, gagging, 
respiratory arrest and n^arked sub- 
jective discomfort. By gradual ap- 


proach of the mask to the face, time 
is allowed for the mucous membranes 
to become accustomed to and partly 
anesthetized by the vapor, whence 
the irritation is no longer felt and 
discomfort ceases. After this toler- 
ance has become established the 
agent may be ])ushed somewhat more 
rapidly, thoiigli it is onlv occasionally 
advisable to make the ether vapor 
more concentrated than tlie average 
re(juired to induce anesthesia in the 
customary ])eriod of ten or twelve 
ininiiles, as any excess over this con- 
centration is likely to harm the 
mucous membranes and i)redispose 
to subsequent complications. To at- 
tempt to accelerate anesthesia by 
limiting tlie siip|)ly of air is a still 
more unwise procedure. 

I'ollowing plan advised for the ad- 
niinistratio!-! of ether: Tlie ordinary 
Esmarch or chloroform ma.sk, cov- 
ered with six or eight layers of gauze, 
is held three or four inches above the 
patient’s mouth and nose. The pa- 
tient is directed to count slowly after 
the anesthetist, or to breathe in and 
out, or to blow the \apors away. 
The ether contained in the ordinary 
cliloroform bottle with dropper is al- 
lowed to drop on tlie mask somewhat 
more rapidly than if it were chloro- 
form. The bottle is moved continu- 
ously, so that each drop falls on a 
different spot on the mask, and is 
freely mixed with air. 

The mask is lowered gradually; at 
the same time the drops of ether are 
increased until a very fine, continuous, 
steady stream is being spread over 
the entire mask. The mask is finally 
lowered until it almost touches the 
face. The average patient will be 
able to count from 70 to 80, some 
only 40 or 50, while others may count 
120 before unconsciousness begins. 
This will require from two to three 
minute.s. At the end of a period of 
from five to seven minutes the pa- 
tient relaxes and becomes sufficiently 
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unconscious so that the final prepara- 
tions for the operation may be begun. 
By the time these are completed the 
patient is in a condition of surgical 
anesthesia. To accomplish this from 
2 to ounces of ether have been ad- 
ministered, and from twelve to fifteen 
minutes have elapsed. Less ether is 
then given. Mctzenbaum (Jour. 
Amcr. Med. Assoc., Nov. 17, 19(16). 

In the treatment of accidents most 
dependence may be placed upon in- 
halations of ammonia and oxygen. 
II. L. Springer (N. Y. Med. Jour., 
June 13,1908). 

When employing the oi^en method, 
the authors place a ring-shaped pad 
around the nose and mouth of the pa- 
tient, and upon this place the inhaler. 
Thus the patient cannot inspire or 
expire air laterally. Hewitt and 
Symes (Lancet, Jan. 27, 1912). 

Latients should not be moved after 
the anesthetic has been started. Short- 
necked persons breathe better when 
the head and shoulders are on a 
plane higher than the abdomen. 

A few drops of a 25 per cent, solu- 
tion of oil of bitter orange in alcohol 
sprinkled on the nia.sk is of benefit, 
especially in children. 

Restricted or imperfect breathing 
may be due to nose breathing, 
too strong a vapor, or fear of 
the patient to breathe. Encourage- 
ment, reassurance and patience usu- 
ally overcome this. If this breathing 
persists after consciousness has been 
abolished, rubbing the lijis briskly 
with gauze or the finger tips or 
sponging out the pharynx will re- 
store the respiratory rhythm. Those 
with edentulous or pendulous lips 
may give trouble in the second stage, 
the lips being sucked in during in- 
spiration, allowing little air or ether 
vapor to enter. This can be remedied 
by a dental prop or gag. 'When mor- 
phine has been given and shallow 
breathing occurs, the anesthetic must 
not be crowded; a few drops of aro- 
matic spirits of ammonia on the mask 
or lip friction often corrects this. In 
heavy smokers the anesthetic vapor 
may excite cough, retching or vomit- 


ing. This can be helped by allowing 
the patient to count aloud or placing 
him on his side. 

There are two important reasons 
for lessening or controlling the ex- 
citement and intoxication phenomena 
during incipient anesthesia: (1) The 
danger of too much ether vapor in- 
halation, and (2) the muscular spasm 
which may introduce an asphyxiating 
factor. These can be eliminated by 
care and patience, although in some 
cases, usually in alcoholics, tobacco 
and drug addicts, difticulties will arise. 
To secure complete muscular relaxa- 
tion, it is best to give some prelim- 
inary narcotic and induce anesthesia 
slowly and evenly. Where this is 
difficult to accomplish, raising the pa- 
tient’s head and shoulders at one end 
of the! table and his pelvis at the 
other should be tried. D. E. Hoag 
(Colorado Med., xv, 223, 1918). 

The “drop method’’ of administer- 
ing anesthetics, introduced l)y Wit- 
zel, consists essentially in placing the 
ether or chloroform on the mask in 
a steady, periodic, drip rather than in 
larger amounts at longer intervals, 
and also in carefully adjusting the 
dosage — i.e., the frequency of the 
drops — to the conditions present at 
each moment of the anesthesia. The 
term is often applied indiscriminately 
to the “open method” in general, and 
is conducted, at least in the begin- 
ning, with the simple means already 
referred to, viz., a mask covered with 
gauze, or gauze alone. J. W. 
Kennedy carries out the ether “drop” 
procedure with a gauze towel, one 
yard square, which is folded into a 
pad nine inches square and placed 
in the form of a tent over the pa- 
tient’s face. The thumb and index- 
finger control the gauze, while the 
rest of the hand splints the lower jaw 
to the upper. After allowing the pa- 
tient a few breaths of air, the anes- 
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thetist begins dropping the ether, 
and continues to drop it without in- 
termission until surgical anesthesia 
is reached. If the induction is 
properly carried out, according to 
Kennedy, there is no stage of excite- 
ment and anesthesia is rapid. Where 
the patient coughs or struggles in the 
first stage, the quantit}^ of ether 
should be temporarily diminished, 
but if the excitement characteristic of 
the second stage appears, the anes- 
thetic should be dropped on more 
rapidly. S. G. Davis, who uses an 
inhaler covered with only 6 lasers of 
gauze, advises that about the time 
when the patient will no longer re- 
spond to questions, a moist towel or 
some additional gauze be wrapped 
snugly around the base of the mask. 
The ])atient becomes unconscious in 
two or three minutes and is ready for 
operation in about ten minutes. 

The author administered ether 3.37 
times hy the open drop metlKul. The 
average time of indueing anesthesia was 
six minutes and ten seconds. The time 
varied from forty seconds to twel\e 
minutes. Initial vomiting did not occur 
in a single case. In 65 per cent of the 
cases there was no struggling or chok- 
ing; in the remaining 35 per cent, ex- 
citement and choking occurred in a 
mild degree. No patient needed stimu- 
lation. Forty-eight per cent, had no 
nausea or vomiting following the ad- 
ministration : 40 per cent, were slightly 
nauseated. There was no postoperative 
pneumonia in any case. Nephritis oc- 
curred in the case of 3 patients ; 1 was 
a woman suffering from melancholia, 
which developed during pregnancy ; the 
second was a patient suffering from 
appendicitis of ten weeks’ standing; 
the third was a woman with a large 
uterine fibromyoma. In all 3 the 
physical condition was extremely jioor. 
Shipp (Lancet, April 14, 1906). 

The author describes a modified 
method of drop etherization. A .square 


pad of gauze twelve layers thick, large 
enough to cover tlie patient’s mouth and 
nose, extending well down over his 
cheeks, is laid directly on the patient’s 
face. Ether is then dropped on by 
means of an ordinary bottle with a 
small wick inserted through a slit in the 
cork. F.tlur having been dr(q)ped 
slowly ff)r about one minute on the 
pad of gauze desenhed above, another 
similar pad is laid on, and the rai)idity 
of the drops is increased and eontmued 
until the patient becomes tlioronghly 
anesthetized. It is verv important that 
the ether he gradually administered. 
The method is less disagreeable to the 
patient and does not cause sniVoeatioii. 
Postoperative vomiting is reiliieed from 
nearly KK) to 32 5 per cent. There is 
(jiiicker recovery of eonscioiisness, and 
there is reduction of jiost operative acc- 
tomiria from 88.5 to 2() per cent. Ladd 
and Osgood (Annals of Snrg., Sejit, 

m?). 

For dropping ether the author sug- 
gests enttmp, through the soft metal 
cap of the ether can about foiir-lifths 
round, so that the cap can he bent back 
without fracture. A small pledget of 
absorbent cotton shaiied to a wick is 
then inserted, and the Iki]) turned down 
OH it, thus forming a droiiper. After 
use, the llap can be turned hack and a 
eork inserted in the can. Liimbard 
(Med. Kecord, Oct. 24, 1908). 

The open or drop method permits of 
normal oxygenation and avoids con- 
tamination of the inspired air, affords 
a fairly uniform ether vaj)or with very 
little distress to the patient, favors 
muscular relaxation, avoids exaggerated 
abdominal breathing, is simpler for the 
inexperienced anesthetist, and its safety 
has been demonstrated by extensive 
usage. On the other hand, it produces 
great refrigeration, gives an incom- 
plete diffusion of ether vapor and air, 
requires large amounts of ether, and is 
slower in inducing anesthesia. The 
semiopen method is such as to permit 
of a limited amount of rebreathing. It 
is attained hy the use of extra layers 
of gauze or gauze surrounded by 
towels, by the use of a cone contain- 
ing gauze, but with both ends open, or 
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by any one of the several inhalers ar- 
ranged for limiting the air supply. 
Cunningham and Anderson (Jour. 
Amer. Med. Assoc., Nov. 7, 1908). 

Experiments upon lower animals 
with the different methods of giving 
ether. Ether administered with an 
atmosphere of oxygen caused bron- 
chial symptoms and some bronchor- 
rhea, which, however, rapidly disap- 
peared. The drop method produced 
slight changes in the bronchial epi- 
thelium and parenchyma of the lungs, 
but the alveolar epithelium was un- 
changed. The damaged epithelium 
recovered in a few days. When dan- 
gerous after-effects are produced they 
are due to the use of too concen- 
trated vapor. Offergeld (Lancet, 
Dec. 26 , 1908). 

Tonsil and adenoid operations in 

children and young persons under 18 
should practically always be done 
under a general anesthetic; over that 
age, when the patient has sufficient 
self-control and can co-operate, the 
author prefers local anesthesia with 
cocaine. The best method of giving 
ether or chloroform is the “drop 
method” on gauze, except in patients 
who require prolongation of the anes- 
thesia, when the author has the anes- 
thetist change to the vapor method, 
passing the ether through warm water 
in a wash bottle by means of a bulb 
compression apparatus. Tie always 
operates with the patient in the dor- 
sal decubitus, with the head some- 
what dropped over the end of the 
table. The upright position adds 
greatly to the danger of ether and 
chloroform. As for the anesthetic, 
the author decidedly prefers ether. 
F. R, Packard (Jour. Amer. Med. 
Assoc., Aug. 28, 1909). 

Ether by the drop method may be 
given to a patient at any age. The 
author has administered it success- 
fully to a patient 3 days old, and to 
one of 98 years. Samuel Johnston 
(Can. Pract. and News, March, 1912). 

An effective method for dropping 
ether in emergency is suggested by 
the writer. Any screw cork, if 
screwed down tightly will seal the 


bottle. By loosening the screw cap 1 
or 2 turns it may be regulated to 
drop as slowly or rapidly as desired. 
Catherine Patterson (N. Y. Med. 
Jour., Mar. 30, 1918). 

The signs indicating that tlie pa- 
tient is ready for operation include 
contraction and immobility of the 
pupils, relaxation of the muscles of 
the jaw, and abolition of the corneal 
reflex. 

The best way to determine if the 
patient is sufficiently anesthetized is 
by raising an arm and determining 
whether it is still rigid or not. The 
author does not believe in using the 
eyes as a test at this stage of the 
anesthetization, for if the patient is 
resting quietly, but still not yet com- 
pletely under the influence of the 
ether, it is likely to excite resistance. 

When the patient interrupts the 
deep natural breathing with a heavy 
sigh, this is a positive sign that more 
ether is needed. 11. .S. Wieder 

(Therap. (la/., Dec., 1907). 

When the anesthesia is deep enough 
to suspend the swallowing reaction to 
salivation, the right moment is at 
hand for the operation to begin. J. 
Landstrbm (Zentralbl. f. Cbir., Oct. 
30, 1909). 

The true test of what may l^e called 
artistic anesthetizing is to be found in 
the rapidity with which the' i)atients 
regain semi-consciousness after the 
operation. If the anesthetist is able 
to detect and maintain, even for a 
lengthy administration, an almost in- 
distinguishable degree of lid-closure 
when the cornea is lightly touched, 
this speedy recovery will take place. 
F. W. Hewitt (Lancet, March 5, 
1910). 

The muscles of the jaw seem to feel 
the effect of the anesthetic before any 
others. The cessation of the contrac- 
tion in the masseter is a much more 
reliable index than the sensory signs 
and changes in the reflexes, as this re- 
laxation indicates that the muscles in 
the field of operation arc likewise re- 
laxing, which is not always the case 
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when only the reflexes arc abolished. 
Fiori (Policlinico, March 13, 1910). 

The ^'closed method'* of induciiij^ 
anesthesia involves nowadays the use 
of more cumbersome and expensive 
inhalers such as those of Clover, Ben- 
nett, IJewitt, Ormsby, Gwathmey, 
Junker and Vernon Harcourt (the last 
two for chloroform mainly). Clover’s 
apparatus (Fig. 3) — as well as the 
three mentioned after it — consist of a 
bag, a receptacle for ether, a mixing 


air admitted, or, sometimes, a breath 
of fresh air is allowed periodically 
after a given number of respirations 
in the inhaler. With these inhalers 
the ether vapor is warmed by the pa- 
tient’s expired air. A disadvantage, 
on the other hand, is that, in general, 
partial asphyxia is a factor in the 
anesthesia as well as the ether — 
an unfavorable circumstance during 
operations on enfeebled subjects. 

The Junker inhaler ( l"ig. 4) as 



Fiff. 3.- ‘Clover’ .s ether inhaler. 


chamber, and a closely fitting mouth- 
piece with an inflatable rubber rim. 
With these inhalers the patient 
breathes immediately into and out of 
the bag, though openings for the en- 
trance of fresh air are also provided. 
A regulating mechanism is supplied 
by which, after beginning with pure 
air, the patient can be made to 
breathe gradually increasing amounts 
of ether, the concentration oi the 
vapor being mechanically under con- 
trol and constantly adjustable to the 
desired percentage. 

Where untoward symptoms, ster- 
torous respiration or cyano.‘^*s, appear, 
the face-piece is lifted off and fresh 


modilied by Krohne consists of a 
vulcanite face-j)iece, connected by 
rubber tubing with a cylindrical 
graduated container for the anes- 
thetic, this in turn being connected 
with a pair of rubber bulbs, by which 
air is blown through the anesthetic 
and then out into the face-piece. The 
Junker ap])aratus has been widely 
used, but is disadvantageous in that 
the closed mask is not sufficiently 
large to hold vapor for a full inspira- 
tion, and unnecessary work is thus 
thrown on both the respiratory and 
circulatory centers (Gwathmey). 
This danger can ])e overcome by at- 
taching a thin rubber bag, to be con- 
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stantly two-thirds inflated with air, 
just behind the inhaler. 

The same objection has been raised 
to the Harcourt inhaler 5). 

This apparatus, moreover, is intended 
solely for use with chloroform, of 
which it sup])lics a vapor of ac- 
curately i^auged concentration. 

Gwathmey's apparatus for “vapor 
anesthesia” (F"i^. 6) consists of a 
face-piece rcsemhlino an Esmarch 
mask but having a hollow rim, which 
is perforated with small holes to 


to one that only penetrates the stop- 
per. These tubes represent four 
different degrees of vapor strength. 
"J'he percentage of the vapor varies 
according to the depth and tempera- 
ture of the fluid in the bottles, the 
size of the hand-bulb, and the press- 
ure with which the air or oxygen is 
forced through the tubes, either by 
the bulb or from an oxygen tank. 
There is no possibility of the pa- 
tient’s getting a vapor of dangerously 
high concentration. One can give 



Figf, 4. “The Junker apparatus. 
(Medical Record.) 


allow the vapor from the apparatus 
proper to escape under the mask and 
be respired by the patient. This 
mask is covered with 2 to 4 layers of 
gauze, over which is placed oiled 
silk or rubber tissue, provided with 
a central opening the size of a dime, 
so that during the period of induc- 
tion a few drops of chloroform may 
be added, if necessary, in vigorous 
alcoholics. There are no valves in 
the apparatus, and therefore no re- 
breathing nor strained breathing at 
any time. In each of the three six- 
ounce bottles there are four tubes, 
varying in length from one that 
reaches to the bottom of the bottle 


cither a pure chloroform or ether 
vapor, or any combination of them, 
varying in intensity as circumstances 
require. In an emergency, oxygen 
can be given without disturbing the 
inhaler or the mask. Weak, anemic 
men, and the majority of women, can 
be anesthetized with the ether vapor 
alone. Changes from one narcotic to 
the other are done by simply turn- 
ing a lever. 

In the third bottle of the Gwathmey 
apparatus is placed, to render the in- 
duction stage pleasant, for a woman 
her favorite cologne, and for a man 
a highball or something similar. Oil 
of orange may also be used. 
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The anesthetic is started with a 1 
per cent, vapor of cologne or whisky, 
and, as soon as the mucous membranes 
have become accustomed to this, a frac- 
tional per cent, vapor of chloroform is 
added for the first minute. This is 
changed gradually, hut as ra])idly as 
possible, so that at the end of three 
minutes the patient is getting 1 per 
cent, vapor of chloroform and a frac- 
tional per cent, of cologne or highball, 
after which the latter is turned olT 
entirely. The average time to induce 



Fig-. .S —The Harcourt Inhaler. 
(Medical Record.) 


surgical anesthesia is six minutes. The 
third bottle is then taken out, emptied, 
and refilled with hot water at about 
100° F. (37.8° C.). When the chloro- 
form or ether vapor is passed through 
this hot water, it is raised to the tem- 
perature of the blood, making it safer 
as regards life, and als(j more respir- 
able, and still further reducing the 
after-effects. Or the cologne can he 
sprinkled on the mask, and hot water 
used from the first in the third bottle. 

A very satisfactory method is to use 
the gas-ether sequence as a preliminary, 
and then allow the reflexes to heeomo 
active, when oxygcn-chloroTonn vapor 
is begun. Another method is to com- 


mence with gas, then change to the 
vapor mask upon which 10 c.c. j 
drams) of ethyl chloride has been 
poured, and contnine with the chloro- 
form \ai>(^r and air. After the opera- 
tion has conimenccd, oxygen instead of 
air is allowed to flow through the 
chloroform. Still another method is to 
dispense with the gas and coinmeiiee 
with the Aapor mask, using ethyl chlo- 
ride at the start. 

An aiKantagi* of tlie vapor method of 
anesthesia is the fact that excitement is 
usually absent, or Aery slight. In the 
surgical stage the patient’s hreallung is 
regular and natural. The lid rellex is 
never entirely abolished, luir is there 
slertor or snoring or the imicous rale, 
even when guing juire ether, d'here is 
complete relaxation without the slow' 
pulse of chloroform (as usually ad- 
ministered), or the billowy breathing 
and rapid, hounding pulse of ether. 
The total anionnl of anesthetic used is 
remarkably small, in the majority of 
cases there is absence of unpleasant 
aftcr-efiects. A continual narcosis is 
maintained without any danger to the 
patient. 

Oxygen should he used wdienever 
]>ossihle, especially with chloroform, as 
it has been proven that this eomhination 
is safer than ether and air. Tlie author 
always uses chloroform and oxyg(Mi 
whenever and as long as peissihle, and 
eontiimes the anesthesia with ether 
wheiM'ver this is indicated. '^I'he usual 
precaution of not giving ether m the 
presence of an ojxmi flame applies with 
double force to the more exiilosivc 
mixture. The change from air to 
oxygen should nrit he made ii.snally 
until the jiatieiit is well under the anes- 
thetic and the ojx'ration has begun. J. 
T. Cwathmey (Med. l\ecord, Oct. 14, 
1905). 

Description of an apparatus for 
narcosis under i»liis pressure. The ap- 
paratus is designed to allow the anesthe- 
ti.st to sit in the cabinet into which the 
heatl of the subject projects. This 
leaves the ofierator and his assistants 
free to operate under normal conditions, 
with access to instruments, etc. The 
large box or chamber is made light and 
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movable, and the ventilation is so con- 
trived that the fumes of the anesthetic 
arc conducted away without reaching 
the ancslhetisl. Kngelkeii (Deut. 
mcd. Woch., Dec. 15, 1904). 

The writer recommends compression 
of the carotid arteries at the inner mar- 
gin of the sternocleidomastoid muscles 
to hasten anesthesia with ether by 
producing cerebral anemia. Ritter 
(Zentralbl. f. Chir., Sept. 8, 1923). 

General Management of Ether Nar- 
cosis. — An important feature in anes- 


the inferior border of the jawbone, 
and thus keep track of the pulse rate 
and volume ; a mouth-gag and tongue 
forceps are seldom required when the 
jaw is correctly managed (Mellish). 

The following method suggested as 
substitute for the painful mouth-gag 
and tongue forceps : With the head 
low, after opening the mouth with the 
gag, a broad, round, gauze pad, 3 to 4 
cm. thick, held on a handle, is intro- 
duced on the side of the mouth opposite 
the gag. The introduction should be 



Fljr. 6.— The (iwathmey vapor inhaler. 
(Medical Record.) 


thesia is the management of the 
patient^s jaw. It should be kept 
constantly forward, and this may be 
accomplished by placing the thumb 
on the malar prominence and exert- 
ing pressure from behind forward 
with the middle or ring finger under 
the angle of the jaw. As tlic muscles 
relax, the lower teeth may be hooked 
in front of the upper. At the same 
time the head should be rotated to 
one side and slightly extended — a 
position which removes the effect of 
gravity on the jaw and facilitates the 
passage of air through the larynx. 
One finger may be used to palpate 
the facial artery as it curves round 


mad(‘ with a rotating movement, so that 
the tongue is lifted forward. The pad 
is then rolled on the surface of the 
tongue until it rests on the base in front 
of the epiglottis, when the tongue will 
be resting on it. Ry drawing it in the 
direction of the submental region the 
tongue is lifted forward. The epiglottis 
follows this movement, and the larynx 
is kept open. Tt is easy to hold the 
instrument in this way during the whole 
operation, but this is rendered still 
easier by resting the shaft of the 
handle on the upper teeth. Since the 
pad gradually becomes saturated with 
mucus, it must be changed at times. 
When the pad and handle are in, the 
mouth-gag is not necessary and is re- 
moved. Gonterman (Zentralbl. f. Chir., 
Bd. xxxviii, S. 1626, 1911). 
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When surgical anesthesia has been 
secured, the amount of anesthetic 
used should invariably be reduced, 
and, in fact, the aim throughout 
should be to administer as little of 
the drug as is compatible with the 
operative requirements. 

During the opening of the abdomen 
and the walling off of the intestines full 
anesthesia is usually best. As soon as 
the operation proper is begun, the drug 
may be much diminished or even with- 
drawn for a time. During the closure 
of the peritoneum the amount may have 
to he increased, but the mask may 
usually be taken away after this and 
the rest of the incision closed without 
it. One likes to sec a patient moving 
during the latter part of tins process 
and talk while he is yet on the table. 
R. R. Smith (Phys. and Surg, March, 
1910). 

Very little of any anesthetic is needed 
to keep up any level of narcosis when 
the level is once established. When a 
narcosis is maintained without excessive 
interaction between the narcotizing 
agent and the tissues of the body, such 
tissues, even if temporarily damaged, 
will rajiidly recover, provided their re- 
quirements — t\g., adequate blood-supply 
— are safeguarded. D. W. Buxton 
(Lancet, May 11, 1912). 

Where retching and vomiting oc- 
cur during anesthesia, the patient’s 
head should be tilted to one side, if 
it is not already in this position, in 
order to cause the regurgitated fluid 
— chiefly mucus and saliva — to recede 
from the air-passages. The mouth 
should be opened with tlie gag, if 
necessary, and the liquids present in 
it swabbed out with gauze sponges 
held in forceps. The vomiting is of 
no importance in itself, but is of great 
significance if the freedom of the air- 
passages is not constantly borne in 
mind, since aspiration of some of the 
ejected material may cause a.sphyxia. 
When the mouth has been opened 


and cleared, it is well to draw out the 
tongue with the fingers (protected by 
a napkin or gauze) so as to facilitate 
the passage of air through the larynx 
by raising the epiglottis; or the in- 
dex finger may he passed into the 
mouth back to the epiglottis, and 
the latter, together with the tongue, 
directly lifted forward. 

If any degree of asphyxia shows 
itself, Laborde's method of stimu- 
lating respiration — traction on the 
tongue rhythmically, 15 or 18 times a 
minute — may lie practised. 

ExcCvSsive traction should not be 
exerted upon the touj^ue, for Crile has 
shown experimentally that this in itself 
is sufficient to cause a cessation of 
respiration, with fall of blood-jiressure, 
etc. 11. S. Wieder (Thcrap. Gaz., Dec., 
1907). 

Vomiting unattended by other un- 
toward symptoi r.s does not preclude 
continuation of tlie ether. 

l^mbarrassed or arrested respira- 
tion, as well as marked excitement, 
in the earlier stages of anesthesia are 
best treated by temporary withdrawal 
of the anesthetic. 

The (luestion of proper regulation 
of the dosage of ether administered 
is one that must be continually be- 
fore the anesthetist’s mind, and is of 
paramount importance to the pa- 
tient’s interests. Contraction and 
immobility of the pupil constitute the 
chief sign lliat the proper degree of 
anesthesia is being maintained. Dil- 
atation, then, signifies either that 
there is danger or that too little 
ether is being given. Hut in cases 
where pupillary contraction does not 
occur, other indications have to be 
watched for, in particular those relat- 
ing to the respiration, circulation, and 
color of the skin. Insufficient anes- 
thesia is suggested usually by quick- 
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ened breathing, together with good 
skin coloration and circulatory ac- 
tivity. According to F. E. Simpson, 
the most valual)le sign of beginning 
awakening of the patient is a lateral 
rolling of the eyeball from side to 
side, which precedes by some mo- 
ments other evidences of returning 
consciousness. The rotation is slow 
and hesitating, and recurs at intervals 
of a few seconds ; it signifies to the 
anesthetist that by adding a few 
drops more of ether from time to 
time he can prolong the proper opera- 
tive condition for an almost indefinite 
period. 

On the other hand, a suddenly di- 
lating and subseciuently immobile 
pupil, lividity of the face, and per- 
haps a pronounced increase in the 
pulse rate — from 90 to 120 or more — 
with diminution of the pulse volume 
and slowing and jerkiness of the 
respiration, indicate that the danger 
stage of anesthesia has been reached 
and g'reater caution in dosage is 
necessary. Cyanosis is frequently 
due merely to an insufficient allow- 
ance of air, which can readily be cor- 
rected, and is therefore less ominous 
than pallor, which tends to show, on 
the other hand, that circulatory ac- 
tivity is being gradually undermined 
by the drug. 

There is a much greater interval of 
safety between the conical rellex and 
the failure of respiration and heart than 
is generally admitted. Further, the re- 
action to corneal stimulation varies 
enormously in different individuals. 
The corneal reflex cannot be depended 
upon as a guide in the administration 
of anesthetics in cases requiring com- 
plete muscular relaxation, especially in 
abdominal and hemorrhoidal operations; 
in these, moderate secondary dilatation 
of the pupil, while keeping a careful 
watch on the respiration and pulse, is 


the best guide. Gardner (Brit. Med. 
Jour., April 22, 1900). 

The conjunctival reflex is of little 
value in the majority of deeply ether- 
ized patients. The exceptional cases 
in which it persists are alcoholics and 
those with a full, hard pulse, as in 
chronic nephritis. The pupil reflex, 
however, is of great value in ether ad- 
ministration. The pupil of simple ether 
anesthesia is usually moderately dilated 
and round; it shows no immediate re- 
action to light, but if it be kept ex- 
posed, without further administration, 
it gradually contracts with jerky move- 
ments generally synchronous with the 
inspirations. In strong, muscular men; 
in those of either sex with hard pulses, 
alcoholics, and where morphine has 
been previously administered, the pupil 
approaches rather to the chloroform 
type. In deep etherization the pupil 
gradually enlarges till it is widely 
dilated, immobile, and usually irregular 
in outline. With this pupil in ether 
anesthesia there is a quiet, regular 
pulse and equally satisfactory respira- 
tion, and if the ether he withdrawn the 
pupils gradually contract to the mod- 
erately dilated, regularly outlined condi- 
tion ; the pulse and respiration con- 
tinuing unaltered or but slightly 
accelerated. If administration he now 
not recontinued, there will eventuall> 
come a deep, sighing inspiration, which 
the author considers the best indication 
of all for more anesthetic. If it he not 
given the pupils continue to contract 
to the c(^ndition found in deep sleep, 
unless emesis occurs, when they become 
dilated. 

One of the causes of the larger 
pupils in ether anesthesia as compared 
with chloroform anesthesia is the 
greater intraocular tension, due to 
the higher blood-pressure. A similar 
dilatation is temporarily caused by 
undue pressure over the cornea in 
ill-advised attempts to elicit a corneal 
reflex. Any but the gentlest touching 
of the conjunctiva is apt not only to 
damage the epithelium, but also quickly 
renders it less sensitive, and so dimin- 
ishes the use of the test. Lawkins 
(Austral. Med. Gaz., Jan. 20, 1903). 
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The diagnosis between pure respira- 
tory and pure circulatory cyanosis is 
easily made by noting the capillary cir- 
culation. This is most readily done by 
compressing the finger-nails and noting 
the more or less rapid return of the 
expelled blood. Pedersen (Med. News, 
Dec. 31, 1904). 

It is impossible under any known con- 
ditions for the respiratory center or the 
cardiac center to be poi.soned by chloro- 
form or ether while the upper eyelid 
still closes when the center of the 
cornea is touched by the finger. The 
administrator, standing behind the pa- 
tient, inserts the pulj) of his middle 
finger between the jialpebral edges, 
drawing the upper eyelid upward 
and at the same time brushing 
that finger-pulp lightly against the 
center of the cornea. When he has 
arrived at the upper limit of the inqnl 
he should let go altogether, noting both 
by the senses of touch and sight the de- 
gree of briskness with which that upper 
eyelid closes. When a definite differ- 
ence exists in the activity of the two 
upper eyeliils, one must be guided by 
the more actne. 

Pupillary signs may be neglected alto- 
gether- y\ iirogressne dose of chloro- 
form or ether having been given until 
the upper eyelid is weakly active in re- 
sponse to corneal contact, this condition 
can be exactly retained throughout by 
stopping the anesthetic for a few 
breaths to (juicken its activity, or giving 
more anesthetic to w^eaken it as re- 
quired. As to the air-ways, it is neces- 
sary to know by the sound of the 
breathing when they are clear. Every 
expiration must be either heard or felt, 
to make sure that elhcient breathing is 
going on. It is of no use to see the 
abdominal and thoracic movements, for 
they may proceed for a considerable 
time after obstruction to air entry has 
taken place. Duskiness of the lips and 
ears is a sign that air is not entering 
the lungs in adequate amount. The ad- 
ministrator should put in a small mouth- 
prop, raise the jaw or draw the tongue 
forward, directly the sound of breathing 
through clear air-ways is replaced by 
that of partially obstructed respiration. 


6^)0 

Gardner (Prit. Med. Jour., June S 
IW). 

A stertorous respiration suggests 
eitlier an excess of aiiesllietic or an ob- 
struction to breathing, such as nuicus, 
falling- back of the tongue, or larvn- 
g^eal edema. Tlvdt one of the latter 
causes is active can usually he de- 
termined without difticultv upon in- 
vestigation. Holding- the jaw well 
forward, as already described, and 
drawing on the tongue, are useful 
diagnostic procedures in this connec- 
tion. 1 he anesthetist should hear in 
mind that visible respiratory move- 
ments of the chest do not necessarih' 
certify to the entrance of air into the 
lungs, and shtuild therefore he on the 
alert for any indication of respiratory 
difficulty; otherwise, the jiaticnt may 
he unwittingly allowed to ])ass into a 
condition cd S(‘vious respiratory dc- 
])ression. 

There arc many wav.s in which the 
respiratory pa.ssage may lie obstructed. 
A large tliyroid in.ay jiri'ss on llie 
trachea till respiration is diffieult when 
the patient is conscious, and insniheient 
wdien ether is giv<‘n. 

VigoiX)Us efforts on the part of the 
surgeon removing an enlarged thyroid 
or glands the neek may eanse eessa- 
tion of re.siiiralion, cither from con- 
.striction of the trachea or possibly 
through vagus inhibition. 

The risk of giving ether to persons 
sufTering from cellulitis of the neck 
.should always be renienihorcd, for in 
severe cases of this kind there is gen- 
erally coexistent edema of the larynx, 
which may be incn'ased by the efTect of 
ether till it tirodnces asphyxia. Even 
then, when laryngtitomy is performed 
quickly, the patient’s life will generally 
be saved. 

Asphyxia may he caused by the in- 
spiration of vomited matter, mOvSt fre- 
quently in cases of intestinal obstruction 
in which the vomiting is almost con- 
tinuous, and in large quantities. By 
keeping a pillow nndcr one shoulder. 
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however, the vomit may generally be 
made to run out of the mouth. R. J. 
Probyn-Willianis (Clinical Jour., Dec. 
23, 1908). 

Case of nitrous oxide-ether anesthe- 
sia complicated by bronchorrhea. The 
pulse increased in rapidity cind lost 
volume, the respirations became shallow 
and irregular, and the patient cyanotic. 
The moment the ether was withheld 
the patient promptly offered resistance, 
and when more was administered his 
breathing was interfered with. The 
author ordered a 5 per cent, solution of 
cpinephrin 1 : 1000, diluted 1 to 20, 
and with this mopped out the pharynx. 
Almost immediately the secretion of 
mucus became les.s, the re.spirations 
clearer and dee])er, and the patient less 
cyanotic. The author then used epi- 
nephrin in anesthesia as a routine in a 
.series of cases. He found that a 25 per 
cent, aciueous solution of the standard 
1 : 1000 gave the best results. Pouring 
ether in the towel cone and spraying the 
epinephrin solution on it, depending on 
the ether to vaporize it sufficiently for 
inhalation, is the best mode of adminis- 
tration. Three- to six- minute intervals 
are sufficient for its use, and a total 
of from Yz to 1 ounce of this solu- 
tion is enough for an operation lasting 
from thirty minutes to an hour. The 
effects are a more uniform etherization, 
the pulse becoming steadier and .slower. 
The re.spirations are (juiet and regular, 
and the bronchial secretions are prac- 
tically checked. Recovery from the 
anesthetic was uniformly good. 

The epinephrin, acting generally from 
absorption, is a powerful stimulant; it 
materially lessens shock, lessens the 
capillary ooze at the field of operation, 
and is of great benefit to the much 
weakened patient. Venable (Va. Med. 
Mthly., Feb. 22, 1907). 

Within a reasonable limit, quality, 
not rate, is the consideration in ob- 
serving the pulse; and depth, not rate, 
of the respiration. As to the pupil, 
one should use it more as an arbiter 
when it is necessary to decide between 
two seemingly opposed factors, or to 
decide the importance, when otherwise 
all seems well, of the presence of cer- 


tain conditions, as cyanosis, stertor, 
continued rigidity, or an increasing 
rapidity of pulse, or shallowness of 
respiration. 

The presence throughout anesthesis 
of stertor or a slight degree of cyanosis 
need not alarm unduly, but should 
cause increased watchfulness, since its 
presence is always indicative of ob- 
struction to the passage of air, though 
such interference may be exceedingly 
slight. Many of the more plethoric ex- 
hibit cyanosis from the induction and 
throughout the anc.sthesia without ap- 
parent significance, but in the arterio- 
sclerotic cyanosis is apt to be the 
j)recursor of danger. 

Respiration simply rapid, say 30 or 
40, need seldom be viewed with gravity, 
but not so any irregularity or rhythm 
or extreme shallowness. Preceding 
the return of rellexes with accompany- 
ing vomiting there may be an ai)i)ar- 
ently unexplainable change for the 
worse in the pulse. It is in such cases 
{hat reference to the eye is of much 
value. 

Laryngeal spasm may be avoided or 
be generally overcome without difficulty 
in the initial .stage by the free admis- 
sion of air. T>ut the occurrence and 
recurrence of this sjiasm during deeper 
anesthesia may be prophetic of trouble. 
In such, air shouhl not be restricted 
and ether very cautiously given. If the 
free admission of air does not over- 
come the spasm, the jaws should be 
pried apart and the tongue forcibly 
drawn forward. J. P>. Rogan (N. Y. 
Med. Jour., Sept. 24, 1910). 

It is neither wise nor necessary to 
obtain a degree of anesthesia free from 
all reflex movements of the thighs for 
circumcision in childhood; but, hav- 
ing weakened the corneal reffex, it is 
well to get the nurse to place her hand 
on the patient’s knees to prevent their 
upward reflex movement when the 
prepuce is first seized. Reflex laryn- 
geal crowing almost always arises also 
at this moment, and the lips should 
then be rubbed briskly with a towel to 
stimulate deeper breathing; the jaw 
should be pushed forward and the anes- 
thetic withheld until respiration is more 
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regular. In operations for adenoids 
and enlarged tonsils it must be borne 
in mind that patients with these affec- 
tions have more or less obstructed air- 
passages, and that the operation and 
the bleeding it causes also cause inter- 
mittent respirator}^ obstruction. (Gard- 
ner (Brit. Med. Jour., June 5, 1909). 

In chronic alcoholic or nervous 
patients, considerable difficulty is not 
infrequently experienced in inducing 
proper anesthesia. In such cases tlie 
cautious administration of chloroform 
for a wshort time will often prove 
effectual. In “florid’' individuals in 
general, a fairly deep anesthesia is 
usually to be maintained, in order to 
avoid trou])lesomc reflex manifesta- 
tions. In obese sulijccts it is par- 
ticularly necessary that there be no 
insufficiency of air-supply ; hence the 
“closed” methods of ether adminis- 
tration are by many considered inad- 
visable f(')r such patients. The anes- 
thetist should remember that after 
the breathing has temporarily ceased 
owing to rcllcx irritation, or when 
in the ojieration sensitive or in- 
flamed tissues arc being dealt with 
or the anal sphincter is being 
stretched, deep respirations occur 
which tend to increase suddenly and 
markedly the amount of ether taken 
into the patient’s lungs. vSome degree 
of caution as to the (luantity of ether 
supplied under such circumstances is 
therefore required. 

Muscularity often causes delay and 
difficulty in anestbetization, and as a 
large number of fatalities from chloro- 
form have occurred in patients of this 
type, ether should be chosen wherever 
possible rather than chloroform. Gen- 
erally, a mixture of chloroform and 
ether, administered slowly, gives better 
results than ether or chloroform in 
muscular and obese subjects. Patients 
confined to bed for a considerable time 
owing to some constitutional disease 


are not, as a rule, bad subjects for 
anesthesia. Hewitt (Lancet, Jan. 10 
and 17. mS). 

Patients meeting with an accident 
causing dislocation of a limb are un- 
prepared by abstinence from food for 
an anesthetic, and are not likely to take 
it well. A jaw-^ag must be at hand in 
case of semisolul vomiting, and what- 
ever anesthetic is used to make the 
l>atient iinconseunis. ether should after- 
ward be gi\en to obtain muscular re- 
laxation. A great many deaths have 
occurred under chloroform unwisely 
pushed for ibis jiurpose. C. E. fol- 
lowed by ether or gas and ether arc 
the most valuable and safe anesthetics 
to employ. Gardner (Brit. Med. jour., 
June 5, BXKL. 

The nitrous oxide and oxygen- 
ether-chloroform sequence may be 
employed to ebnunale the dangerous 
induction jicriod of chloroform anes- 
thesia when it is desirable to employ 
that anesthetic. \V Tl. Allen (Jour. 
Amer. Med. .‘vssoc., Nov. 11, 1911). 

The fact that ether is easily ignited 
.should always be borne in mind. 

The writer reports the following un- 
usual experience : \Vliile engaged in a 
tedious and (briicult operation, his at- 
tention w'as taken from his work by a 
sudden flash of light and some (piick 
niovenients on the part of the anes- 
thetist. 'rile ether vapor had ignited, 
scorching the hair and eyebrows of the 
[latient, and had burned the skin on his 
forehead sufficiently to cause quite a 
marked redness. The anesthetist re- 
jiorted that the patient being on the 
face, he was unable to see the pupil 
properly, and he had liinied on the elec- 
tric light in order that he might more 
readily note the reaction of the pupil. 
The blaze had occurred coincidently 
with the turning on of the light. There 
was no exposed fire in any part of the 
operating room, and the only conclusion 
was that the vapor of ether had ignited 
from the spark in the electric light 
burner made when contact took place 
in turning on the light. 

It is well for any surgeon or anesthe- 
tist not to turn electric lights on or off 
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near ether vapor, particularly when the 
room is small and there is a Iarf?e 
anioimt of the vapor in it. Yet it is 
not St) ea.sy to produce a l)laze by the 
turning on of an electric light in the 
presence of ether when one tries it for 
that purpose. Since the above occur- 
rence, the author has tried the experi- 
ment several different limes in differ- 
ent ways, w'ith the same burner and 
others, and has been unable to produce 
a blaze wn’th ether vapor. Thus, while 
it is possible that this experience may 
be unifiue, and it is certainly of rare oc- 
currence, every surgeon and anesthetist 
should bear in mind the fact that it has 
occurred. Very serious con. sequences 
might easily have resulted in this case 
if the anesthetist had lost his head. D. 
H. Murray (N. Y. Med. Jour., June 
27, 1903). 

Postanesthetic Precautions* — After 
the patient is removed from the warm 
oi)eratin^ room, it ivS of the greatest 
importance that he be protected from 
cold and draughts of air while being 
removed to bed. The bedroom and 
the 1)ed should 1)e warm. Aspiration 
pneumonia vshould l)e guarded against 
by seeing that the patient does not 
unnecessarily ins])irc vomited ma- 
terial into the trachea. The system 
should be amply sup])lied with fluids, 
either I)y stomach, by rectum or sub- 
cutaneously, in the form of normal 
saline solution, and as much nourish- 
ment should hG given as conditions 
permit (Mellisli). The suggestion 
has been made that the patient he 
required, wherever possible, to 
breathe deeply for a period after the 
anesthesia, in order to hasten the 
elimination of the drug from the sys- 
tem and minimize any harmful effects 
to which ])rolongcd contact of it with 
the visceral parenchymas may give 
rise. 

The writer places his patients in a 
sitting posture iniinediately the op- 
eration is finished, no matter what 


the condition operated for, and al- 
most never witnesses vomiting or 
nausea. He ascribes this to the 
avoidance of congestion in the me- 
dulla and also to the fact that pressure 
of the abdominal viscera is removed 
from the diaphragm by gravity. Chand- 
ler (Surg., Gyn. and ()b.st., Nov., 1911). 

Iu)llowing points relating to anesthesia 
emphasized: Never use alcohol as a 
stimulant during or after an anes- 
thesia if the oj)sonic power of the blood 
is of any importance. Make the anes- 
thesia as short as possible. Take 
special precautions for asepsis and 
antisepsis in all operations of any 
length. A very slight infection, which 
would not manifest itself under ordi- 
nary circumstances, may develop into 
a serious condition after an anesthesia. 
Inject slowly 6 ounces (180 c.c.) of 
pure limpid olive oil high up into the 
rectum in all septic cases, and in all 
others in which the power to resist in- 
fection may be called into play. Fergu- 
son (N. Y. Mtd. Jour., May 11, 1912). 

Study of 40 cases has shown that 
the use of carbon dioxide to accelerate 
deetherization by stimulating respira- 
tion confers the followdiig benefits: 
(a) 'J'he volume of respiration can be 
raised to any desired level; (b) recov- 
ery of consciousness is from three to 
five times more rapid; (r) blood-pres- 
sure, circulation and color are mater- 
ially improved; (d) nausea, vomiting 
and other subjective disagreeable sen- 
sations following ether anesthesia are 
reduced. Other indications for the use 
of carbon dioxide as a stimulus to 
respiration arc: (a) In cases in which 
the respiratory center is depressed by 
direct pressure or injury; (/?) in the 
treatment of failing respiration during 
the period that ether is given. In no 
instance have any signs of acidosis or 
other harmful effects attributable to 
carbon dioxide been noted. White 
(Annals of Surg., Sept., 1923). 

UNTOWARD EFFECTS.— A. 
During Anesthesia. — Respiratory ar- 
rest may occur as a ])rimary effect of 
the administration of an excess of 
ether. In the early stages it is due to 
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irritation of the mucous membranes 
and ivS relieved by temporary removal 
of the anesthetic, supplemented, if 
necessary, by artificial respiration. 

Breathing may cease during surgical 
anesthesia (a) from the presence of 
muscular spasm or some other condi- 
tion within the air-passages, causing 
occlusion; (b) from some external 
agency preventing lung expansion ; (r) 
from a diminution or arrest of the 
blood-supply to the respiratory centers; 
and (d) from the toxic effect of the 
anesthetic upon those centers. A fre- 
quent cause of difliculty in inducing and 
maintaining anesthesia is the presence 
of partial or comj)lete nasal obstruction. 
Whenever practicable, oral breathing 
should be secured and maintained in 
preference to nasal breathing, for the 
latter is often inadecpiate, retarding the 
onset of anesthesia and leading to 
hyperptiea, venous engorgement, and 
abdominal rigidity. By the most careful 
attention to symptoms the anesthetist 
may, in the great majority of cases, and 
particularly toward the close of opera- 
tions, permit the patient to display a 
slight trace of corneal reflex. Hewitt 
(Lancet, July 20, 1907). 

Later in the anesthesia, however, 
it is due to the direct effect of an 
excess of ether on the respiratory 
center, and is likely to be accom- 
panied by dilatation of the pupils, 
loss of the conjunctival reflex, and 
soon after by cyanosis and objective 
evidences of secondary circulatory 
enfeeblement. 

The treatment of the latter form of 
respiratory arre^st consists in im- 
mediate removal of the anesthetic, 
lowering of the head of the operating 
table, and artificial respiration. 

Case of total respiratory failure from 
ether following an operation for ap- 
pendicitis. Artificial respiration was 
practiced for over four hours, and 
various stimulants were also used, 
followed by recovery. Ine only 
agents which seemed to be of service 


were artificial respiration and ad- 
renalin chloride. Discfuitinuancc of 
artiticial respiration always produced 
cyanosis. Renewed efforts restored the 
color of the skin. To the adrenalin 
chloride lielmigs the greater jiart of the 
credit of resuscitation. It lowered the 
beat of the heart to nearly normal and 
increased its power ami \olumc. At no 
time after the lirst dose of 30 minims 
(1.8 c.c. ) did the action of the heart 
fail. Jt w'as administered the day after 
the operation in doses of 10 drops every 
two hours. This drug, m the writer's 
experience, is the one valuable thing in 
eases of cardiac failure from shock and 
hemorrhage. H. 11. Everett (Medical 
Record, May 23, 1903). 

Rhythmical tractions on the neck 
have exactly the same ilTcct as the 
rhythmical traction on the tongue. The 
maneuver consists in standing behind 
the head of the patient and then 
stretching the neck haekw'ard and for- 
ward twxMity or thirty times a minute., 
Depage (Jour rb* (7hir. el Amiales de 
la Soc. Beige de C'hir, Jan., EX)4). 

Collapse, implying primarily a 
weakening of llie circulatory rather 
than the respiratory functions, is less 
likely to occur under ether than under 
chloroform. Sudden cardiac paresis 
and inlii])ition, sucli as can readily be 
produced by incautious administra- 
tion of chloroform in the early stage 
of induction, is a comparatively rare 
event in the case of ether. (Circu- 
latory weakening from tlie latter drug 
more cliaracleri.stically occurs after pro- 
longed complete surgical anestliesia. 
d'hc pulse is observed gradually to 
become feeble and irregular, dilata- 
tion and immo])ility (ff the pupils are 
noted, pallor or cyanosis appear, and 
the heart action may ultimately com- 
pletely stop — synchronously with, or 
only slightly preceding, respiratory 
enfeeblement and arrest. The con- 
dition present is one of cardiac dila- 
tation and likewise vascular dilata- 
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tion; the vasomotor center being* 
generally simultaneously impaired. 

The treatment of collapse consists 
in stopping the ether, raising the feet, 
and lowering the head — in order to 
improve the blood-supply to the bul- 
bar centers, — instituting artiRcial res- 
piration to prevent further weaken- 
ing of the heart through imperfect 
oxygenation and favor removal of 
ether from the system, and the appli- 
cation of various stimulant and other 
supporting measures. Oxygen in- 
halations should be at once instituted. 
Forcible compression of the heaft 
with clenched fist, 120 times a minute, 
through the chest-wall, is likely to 
prove of value, where there is no 
abdominal opening, in emptying the 
overburdened heart, and may even be 
employed with the idea of creating 
an artificial carotid pulse. In abdom- 
inal operations massage of the heart 
may be practised by inserting one 
hand in the peritoneal cavity and 
rhythmically squeezing the heart 
through the relaxed diaphragm be- 
tween the thumb and finger, or com- 
pressing it between the inserted hand 
and the other hand placed on the 
precordium externally. These com- 
pressions should be repeated 20 to 40 
times a minute. Mechanical cardiac 
stimulation has also been effected 
with a finger passed through an in- 
cision in the chest wall, in the fourth 
intercostal space. 

A patient who had withstood one 
hour of chloroform-ether narcosis with- 
out trouble, suddenly went into com- 
plete collapse. Trendelenburg posture, 
artificial respiration, oxygen and hypo- 
dermic stimulation failed to restore. 
When no signs of life were obtained 
for five minutes subdiaphragmatic 
massage of the flabby heart was be- 
gun in combination with the other 
measures. After two minutes the heart 


grew firmer and a few cardiac and 
respiratory movements were noted, but 
when the massage was stopped complete 
syncope returned. The massage was 
resumed and the heart responded after 
one minute. Gradually the heart began 
to recover, and all the vital functions 
slowly returned. The patient recovered 
from the operation. A. T. Jurasz 
(Miinch. med. Woch., Jan. 10, 1911). 

In a large percentage of patients 
succumbing to primary cardiac fail- 
ure under ether there has, in all 
probability, been no real heart dis- 
ease and no status lymphaticus, but 
an acute susceptibility equivalent to 
these conditions has been developed 
by unskillful anesthesia. A fatality 
of this class seldom occurs after pro- 
found and prolonged anesthesia. It 
is especially the sequel of light anes- 
thesia. 

Usually the printed accounts of 
such cas^s state expressly that the 
administration of ether was inter- 
rupted once, or twice, or several 
times, thus allowing the subject to 
come nearly out of anesthesia. The 
patient may even have winked his 
eye only a few secc)nds before the 
circulation suddenly failed. He may 
have drawn deep, gasping breaths 
some time after the heart had com- 
pletely .stopped beating. Quite often 
the case is that of a child under op- 
eration for adenoids. 

This form of death and, in fact, by 
far the greater number of all deaths 
under anesthesia are fundamentally 
due to acapnia resulting from the ex- 
cessive pulmonary ventilation of the 
stage of excitement. Experimental . 
evidence shows that acapnia exerts 
deleterious effects upon the heart, and 
upon many other functions, no less 
than upon respiration. Dogs which 
have not been excited at any stage 
usually take chloroform well. If one 
gives too much chloroform, respira- 
tion usually stops some time before 
the heart. If, on the contrary, the 
subject has first been rendered acap- 
nic, the hypersusceptibility thus pro- 
duced renders even the strongest 
animals liable to sudden primary car- 
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diac failure under an otherwise 
moderate dosage of chloroform. Y. 
Henderson (Surg., Gynec., and Ob- 
stet, Aug., 1911). 

Venesection has been ])ractisc‘(l to 
relieve engorgfciiient of the right 
heart clue to high vascular tension. 

Other valuable measures include 
the intravenous injection of warm 
saline solution, to which a few to 20 
drops of 1 : 1000 epinephrin solution 
are — preferably gradually — added, 
bandaging of the limbs and abdomen 
to compensate fur vascular relaxation 
and improve the bl()od-supi)ly to the 
centers and heart, and external heat, 
applied by means of hot blankets and 
water bottles. 

Experimental research on resuscita- 
tion of dogs killed by anesthetics showed 
that Ringer’s solution yiedds more 
favorable residts than saline solution. 
The most satisfactory results were ob- 
tained with the infusion bottle at a 
height of five or six feet. Crile and 
Dolley (Jour, of Exper. Med., Dec. 21, 
1907). 

Drugs, such as strychnine (V20 
grain — 0.003 Gm.), digitalis (10 

minims — 0.6 c.c. — of fluidextract), 
atropine (Vion grain — 0.000()5 Gm.), 
caffeine sodiobenzoate (8 grains — 0.5 
Gm.), and cocaine ()4 grain — 0,016 
Gm.), sometimes do not prove of 
immediate service in combating the 
circulatory depression, but are useful 
to maintain cardiovascular activity 
once it has been partially restored by 
other measures. Injections of sterile 
camphorated oil, 20 minims (1.25 
c.c.), may be given. Alcohol is of 
doubtful value, and the nitrites arc 
to be eschewed. Rectal injection of 
warm coffee constitutes a useful 
measure. 

Shock, consisting essentially of 
vasomotor exhau.stion, wHh car- 
diac enfeeblement, if present, only 


a secondary manifestation, is to be 
differentiated from collapse due more 
•directly to the anesthetic. It may 
come on during an o])eration and 
persist after it is ended, and may 
be due either to overstimulation of 
the nervous system the result of 
excessive tissue injur} during the 
operation (Crile), to hemorrhage, or 
to exposure to cold. The symptoms 
consist of pallor, sweating; a soft, 
irregular, and accelerated i)ulse (es- 
pecially if there has been much 
hemorrhage), and resj)iration that is 
at first deep and sighing, then feeble. 
Shock is dislinguished from the 
effects of an overdose (ff the anes- 
thetic by the ])ersistence of the cor- 
neal reflex, through an ap])reciation 
of the severity of the operation, and 
by consideration of the preceding 
dc])th and duratitjn of anesthesia, 
the anesthetist judging the prob- 
able effects of the amount of anes- 
thetic already used. 

RfSjjiratory surgical shock is most 
coniiiion (luring light or moderate aiieii- 
thesia, before the corneal retl(*x has 
vanished ; while circulatory shock, 
which is by far more common under 
chloroform, is met with during pro- 
found narcosis. Re.spiratory shock is 
.specially liable to complicate operations 
upon the rectum, urethra, abdominal 
organs, uterus, perineum, and kidney. 
The immediate cause is usually a reflex 
spasm affecting either the tongue, 
fauces, palate, and adjacent ])arts, and 
having stertor as its audible expression ; 
the larynx, and producing stridor; or 
the re.spiratory mn.sclcs, and bringing 
about respiratory spasm. Circulatory 
shock is chiefly met wuth in operations 
on parts i)ossessing important nerves or 
rich in nerve-supply. The immediate 
cause is usually a sudden relaxation or 
paralysis of the vasomotor system, gen- 
erally associated with some cardiac in- 
hibition. The favorable conditions for 
the establishment of re.spiratory shock 
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are partial anesthesia, manipulations 
upon sensitive parts, and the presence 
of an air- way likely to become oc- 
cluded, Those for circulatory shock 
arc deep chloroform anesthesia, the 
horizontal, seinirecumbent, or sitting 
posture, and intestinal, omental, uterine, 
or renal traction. Simple chloroform 
overdosage may be indistinguishable 
from circulatory shock. Respiratory 
shock may usually be avoided by secur- 
ing full anesthesia before the patient is 
moved, and hy so adjusting the degree 
of anesthesia that reflex modifications 
in respiration are as far as possible 
eliminated. Circulatory shock can be 
avoided by using ether instead of 
chloroform; if the latter is used, too 
deep anesthesia must be avoided, and 
the patient placed in the Trendelenburg 
posture, in which position circulatory 
shock is almost never seen. 

The treatment of respiratory shock is 
to re-establish respiration as soon as 
possible by separating the clenched 
teeth, sponging out the fauces, pushing 
the lower jaw forward, tongue trac- 
tion, artificial respiration, and, if need 
be, laryngotomy and direct lung in- 
flation. The treatment of mild cir- 
culatory shock is to lessen the depth 
of anesthesia and to substitute a 
chloroform-ether mixture, or ether for 
the chloroform. When severe, the 
anesthetic must be withdrawn, the 
head lowered, the feet raised, and 
artificial respiration be performed. 
Unless the patient be very deeply an- 
esthetized recovery can he effected 
very rapidly, and the operation pro- 
ceeded with. Drugs are of little or 
no value. Hewitt (Lancet, July 27, 
1907). 

The treatment involves both proph- 
ylaxis and the application of active 
measures when the condition has 
already become established. 

The treatment of surgical shock and 
collapse should be very largely by 
prophylaxis. The anesthetist should 
give as little anesthetic as possible. In 
certain brain and abdominal cases the 
operator and the anesthetist should 
work together, the depth of the narcosis 


increasing and diminishing as indicated 
by the operative manipulations. The 
anesthetist should notify the nurse to' 
prevent any unnecessary exposure of 
the body. The “nerve-blocking” pro-* 
cedure of Crile should he used to lessen 
the shock, when operating on an ex- 
tremity. The large nerve-trunks are cut 
down on after anesthesia and are in- 
jected with 4 to 10 minims (0.25 to 0.6 
c.c.) of 4 per cent, cocaine. Caswell 
(Boston Med. and Surg. Jour., June 28, 
190^)). 

Wherever shock is seen to be pres- 
ent before operation, e.g., where the 
patient has been severely injured in 
an accident, an injection of morphine, 
together with infusion of saline solu- 
tion and epinephrin, will serve as 
prophylactic procedures. 

Where shock develops during an 
operation, drugs such as pituitary 
extract and digitalis should be ad- 
ministered, and many of the measures 
already described under Collapse — 
lowering of the head, external heat, 
bandaging of the limbs and abdomen 
— brought ink) requisition. Crile’s 
pneumatic suit, serving the same pur- 
pose as bandaging, may be used with 
marked advantage, if available. 

Adrenalin is the only drug to be 
used in true surgical shock. It should 
be given with saline solution by intra- 
venous infusion. The proportions of 
adrenalin arc, 1 : 1000 solution, one part 
in 200,000 parts of saline solution. Salt 
solution, when given alone intra- 
venously under the skin or by rectum, 
is of little or no benefit in cases of 
shock, as it does not raise the blood- 
pressure. All other stimulating drugs, 
as strychnine, are out of the question 
for the same reason. In collapse drugs 
may be employed with advantage, be- 
cause the vasomotor center needs and 
can take stimulation to bring it to its 
proper condition. Strychnine may be 
used. Alcohol is of some value, but 
its stimulating effect is due to the 
chemical irritation it causes. Cold 
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water on the face, ammonia fumes, 
and artificial respiration will do the 
work. Salt solution is indicated if 
the collapse is due to loss of blood. 
When shock and collapse are combined, 
the outlook is unfavorable, but treat- 
ment should be along the lines of shock. 
CavSwell (Eoston Med. and Surg. Jour., 
June 28, 1906). 

In cases in which shock is not due to 
hemorrhage, in the earliest stages, the 
condition can at times be met by the 
hypodermic admini.stration of camphor 
1 grain (0.065 Gm.) in oil, digitalis 
15 minims (1 c.c.), or 15 minims 
(1 c.c.) of epinephrin chloride. 

Unless the circulatory failure is dis- 
tinctly due to cardiac disease and not 
to vasomotor exhaustion, as is usu- 
ally the case, strychnine should be 
avoided, for in shock, as shown by 
Crile, strychnine rather aggravates 
than alleviates the condition. Should 
the skin be leaking badly, the admin- 
istration of atropine sulphate grain 
Vim (0.()(X365 Gin.) will assist ma- 
terially. 

In some cases all these measures 
appear to be insuffieient and the pa- 
tient sinks rapidly. At tins juncture 
nothing will tend to revive her as 
spcedfly as the slow, continuous in- 
travenous introduction of about 500 
c.c. (1 pint) normal saline solution 
with epinephrin chloride 15 minims 
(1 C.C.), to be followed immediately 
by the subcutaneous introduction of 
1000 to 2000 C.C. (1 to 2 quarts) of 
salt solution. 

In cases of profuse hemorrhage, in 
addition to lowering the head of the 
patient, the author employs the same 
measures, but instead of introducing 
500 c.c. (1 pint) of normal saline 
solution with epinephrin chloride, 
1000 or 1500 c.c. (I or V/i quarts) 
are slowly intnjduccd intravenously. 
One should never try to cut the vein 
with a knife, but always use a scis- 
sors, making a clean cut in a trans- 
verse direction. 

The most efficient method for com- 
bating shock and raising the blood- 
pressure is the pneumatic suit of 
Crile, but this is rarely at hand. 


Bandaging of the limbs tightly from 
the extremities upward will in some 
degree answ'cr the same purp(^se. 
Hot-water bottles and hot blankets 
should he placed artuiud the j^atieut, 
and every portion of the body hut 
the operative field should he kept 
covered and dry. 11. S. Wieder 
(Therap. (iaz.. Dee., 1907). 

Saline solution mu.st not l>e piislied 
if there is hemorrhage whicli is not 
yet under control; otlicrwisc uinre 
hlood may he washed out of the 
vessels and tlie condition made 
worse. If hemorrhage is not a fac- 
tor saline infusion is, on the other 
hand, an essential measure. The best 
procedure of all for severe shock, 
hut one not often ixissihlc, is trans- 
fusion of blood: Hlood remains in 
the vessels, whereas saline solution 
soon leaks out into the tissues. 

B. After Anesthesia. — Vomiting 
is a v^ery common aftcr-eflfect c»f 
ether anesthesia. Usually it soon 
ceases, but in some cases it tends to 
persist for a num]>er of hours or even 
days. The incidence of vomiting de- 
pends to a considerable extent upon 
the care with which the patient is 
prepared for anesthesia and the pains 
taken to avoid overdosage of ether. 
In incomplete anesthesia, changing 
the position of the patient may bring 
on retching and vomiting. 

Accompanying disease is a frequent 
cause of vomiting. In such cases, if 
practicable, the operation should be 
deferred until a suitable time. In 
persons of a nervous temperament more 
vomiting ensues upon anesthesia. It is 
of the utmost importance to have the 
patient in as peaceful a frame of mind 
as possible. The room should be abso- 
lutely quiet. 

In winter time it is best to warm the 
anesthetic. To do this the author uses 
a half-glass of hot water and places the 
bottle into that. The water is changed 



678 


ETHER (SAJOUS). 


when necessary. By this method much 
less anesthetic is used and complete 
anesthesia is obtained much more 
quickly. 

Uneven anesthesia should be avoided. 
There is more vomiting from five 
minutes of an irregular anesthesia than 
from one hour of an even one. Exces- 
sive stimulation by hypodermic injec- 
tions during anesthesia may be a con- 
tributing cause of vomiting. 

To diminish the salivary secretion the 
author rolls up two small hand-sponges 
and places one in each buccal cavity 
opposite the second molar tooth (the 
exit of Stensoii’s duct). In this manner 
all the secretions of the parotid gland 
are stopped. To prevent the patient 
from swallowing the sponges or the 
anesthetist from forgetting to remove 
them, a string may be attached to each 
sponge and allowed to hang down from 
the corners of the mouth. 

It should be retnembered that all 
body movements increase vomiting — 
especially so after anesthesia. The 
best method to control postanesthctic 
vomiting is to keep the patient without 
moving, in a quiet room, and to ad- 
minister very small quantities of hot 
water, or very small pieces of cracked 
ice, at frequent intervals. J. Halperin 
(N. y. Med. Jour., July 22, 1911). 

Vomiting is due to either irritation 
of the gastric mucous membrane or 
it may be due to brain conditions or 
renal conditions. When it arises 
from cerebral or cerebellar condi- 
tions it may be due to the head 
having been kept at too low a level. 
Unless there is obvious ischemia of 
the brain, prolonged depression of 
the head, especially in plethoric per- 
sons, will tend to produce postanes- 
thetic sickness. As soon as the pa- 
tient has come through the operation, 
if he is not greatly collapsed he 
should be kept fairly raised. 

Vomiting from the stomach may 
be due to imperfect preparation of 
the patient. If the patient is not 
starved to excess, has no purge for 
two days before the operation, and 
has the bowels properly regulated, 
such vomiting is avoided. In the case 


of a person who is known to be in- 
clined to vomit, the best plan is to 
feed by the rectum for twenty-four 
hours before the anesthetic and to 
allow copious libations of hot water 
for three days before. 

Renal vomiting is a very serious 
condition. It is due in general to 
the operation, though it may be also 
due to too much anesthetic. Buxton 
(Clinical Jour., April 24, 1912). 

The liability to vomiting is in- 
creased when acetone is found in the 
urine. Protracted vomiting is best 
treated by sodium bicarbonate by 
bowel and by lavage. These patients 
need careful watching on account of 
the liability to acid intoxication. 
Acetonuria is due to faulty metab- 
olism, and increased by carbohydrate 
starvation. It has no relation to the 
length of anesthesia. The duration 
of anesthesia has only a slight in- 
fluence on vomiting. Chalfant (Jour. 
Anier. Med. Assoc., Sept. 14, 1912). 

The author docs not believe that 
the presence of ether in the stomach 
is the cause of postanesthetic nausea. 
Even if it does, olive oil, as often 
recommended, can do but little good, 
for it finally becomes saponified and 
is absorbed as any other digested fat, 
possibly carrying into the system 
again with itself some of the ether to 
be re-excreted, and liberating a part 
to play again the role of irritant. A 
belter agent is liquid petrolatum, 
which is inert, cannot be saponified 
and absorbed, and is an excellent pro- 
tective to mucous membrane. Fer- 
guson (N. Y. Med. Jour., June 29, 
1912). 

Treatment . — Vomiting during anes- 
thesia can often be controlled by 
prompt pressure with the thumb or 
finger on one of the phrenic nerves, 
viz., posteriorly above the clavicle 
between the two heads of the sterno- 
cleidomastoid muscle, the head being 
meanwhile turned to the opposite side 
(Joos). 

Vomiting after conclusion of anes- 
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thesia may be treated by frequent 
rinsing of the mouth with ice-cold 
water, by giving the patient small 
pieces of ice to suck, or by adminis- 
tering teaspoonful doses of very hot 
water. Inhalations of vinegar have 
also been advised, but are less effi- 
cient than the preceding. 

The most satisfactory method of 
controlling nausea and vomiting after 
anesthesia is the administration of 
strong vinegar by inhalation. A 
towel or cloth, saturated with fresh, 
strong vinegar, is held a few inches 
above the patient’s face, or hung from 
the bedstead, so that it will be near 
his head. Rugh (Dungli son’s College 
and Clin. Record, April, 1898). 

Bile being alkaline in reaction, when 
from relaxation or reversed peristalsis 
it enters the stomach, though this organ 
be at rest and therefore covered with 
mucus, causes an otitflcm of gastric 
juice. The acids are set free, with a 
resultant Iluid vomit easily capable of 
burning the skin. Burns may occur on 
the mouth and check after vomiting 
of strongly acrid bile-stained fluid. The 
anesthetist should have at hand a towel 
saturated with weak soda solution to 
wipe any part touched by vomited 
matter. Griffith (Med. Record, April 
19, 1902). 

Gastric lavage is a valuable meas- 
ure ill severe vomiting. Some, in 
fact, advise its routine use before the 
patient regains consciousness. It is 
performed by passing a rubber 
stomach-tube through the nose or 
mouth and running in one or two 
quarts of normal saline solution, tlic 
patient\s head being meanwhile 
lowered to prevent returning fluid 
from entering the trachea. 

Ether is excreted largely by the 
gastric mucosa, and as long as this is 
kept up vomiting may occur. By pro- 
longed lavage the ether is washed 
out of the blood and vomiting is pre- 
vented. The tube is kept in the 


stomach and that organ thoroughly 
washed out before the patient re- 
covers from the anesthesia. Two and 
a half or three gallons of water are 
iritro<luccd into the stomach and 
siphoned out, a pint or a quart at a 
time. If the patient has nausea after 
ether hr is recpiired to drink a glass 
of water. Brown (Surg., Gynoc., and 
Obstet., Ang., 1905). 

To prevent fecal vomiting during 
anesthesia, lavage may be employed, 
and the stoniacli and esophagus 
cleaned out with boric acid solution 
and hot water. The next step is to 
perform laryngotomy under local 
analgesia, or even under light anes- 
thesia. As soon as the larynx is 
opened, and a cocaine spray used to 
lessen spasm, chloroform is to he 
administered through the laryngeal 
tube to full anestliesia. The mouth 
is opeiH'd by a gag and a full-sized 
esophageal tube introduced into the 
stomach. After packing very care- 
fully both the upi)er opening of the 
larynx and the pharynx arouml the 
esophageal tul)e, the fiee end of the 
esophageal tu1)e must be allowed to 
drain into a vessel c»)ntaining a de- 
odorant and antisejitic. It is essential 
that the tube be introduced and 
maintained in the stomach, and that 
the packing round it he tight Buxton 
(Brit. Med. Jour., April 23, 1910). 

A simpltT method of washing^ the 
stomacli is merely to have the pa- 
tient drink a glass of hot water, 
which will wash out irritants from 
the stomach when the patient vomits. 

Other measures recommended to 
allay vomiting are the i)lacing of a 
hot-water bag, ice-bag or mustard 
plaster over the stomach, the re- 
peated administration of I12 to 
grain (0.(X)5 to 0.008 Gm.) of cocaine 
hydrochloride in a teaspoonful of 
hot water, the giving of sodium bi- 
carbonate, 15 or 20 grains (1 to 1.3 
Gm.) in a glass of warm water, the 
use of gastric sedatives such as bis- 
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muth subnitrate and cerium oxalate, 

and, finally, jj^eneral depressant druj^s 
such as acetanilide, bromides, and 
morphine. ])Uxton has recommended 
the administration of a mixture of 
4 or 5 drops of chloroform with 2 or 
3 drops of vinegar of opium. 

If, a cause of vomiting, there 
has been swallowing of blood or 
mucus, or there is complaint of the 
taste of ether, it is best to give a half- 
pint of hot water containing a tea- 
spoon ful of sodium bicarbonate. This 
will probably either wash out the 
stomach into the bowel or cause an 
effectual and final vomit. It may, 
however, be necessary to repeat it 
after an interval. Black coffee, to 
which some add sodium bicarbonate, 
also iced champagne in small quan- 
tities, have seemed to do good. The 
taste and smell of ether may be over- 
come by the use of thin slices of 
lemon and of toilet vinegar. For neu- 
rotic patients a mustard leaf on the 
epigastrium may be recommended 
with confidence. When vomiting 
threatens to be severe or continuous, 
a detailed examination of the urine 
should be made, especially after in- 
terference with any part of the 
urinary tract and when acid intoxica- 
tion may be suspected. If there is 
atonic distention, strychnine, pituitary 
extract, or ergotine (hypodermically) 
is often effective, and the bowels 
should be well cleared out by ene- 
mata, if not acting. A rectal tube 
may be left in for an hour or so at 
a time and the abdomen massaged if 
there is no contraindication. Mor- 
timer (Lancet, June 17, 1911). 

The administration of 15 grains (1 
Gm.) of chlorctone as a preliminary 
to anesthesia has been recommended 
to prevent post-operative vomiting as 
well as excitement during the in- 
duction. 

To prevent nausea and vomit- 
ing after anesthesia, chlorctone, in 
amounts from 5 to 36 grains (0.3 to 
2.3 Gm.), given in a 5-grain (0.3 Gm.) 


capsule, was used in 164 cases. The 
best results were obtained in adults 
with 10-grain (0.6 Gm.) doses given 
twenty to thirty minutes before start- 
ing the anesthetic. If it is given in- 
side of twenty minutes the patient is 
liable to vomit soon after the anes- 
thetic is started, thereby losing all 
benefit of the drug. While chlore- 
tonc has not always proved a reliable 
specific in preventing nausea and 
vomiting, it has been a great aid. 
Vomiting, when present, usually took 
place before the return to conscious- 
ness. Beebe (Boston Med. and Surg, 
Jour., Oct. 6, 1904). 

Before beginning the adniinistra- 
of the anesthetic the ptitient is given 
by the author 5 to 6 drops of a 5 per 
cent, solution of alypin, and this dose 
is repeated as soon as the patient is 
sufficiently recovered to swallow. 
This usually prevents all nausea, but 
if there is a tendency to it the dose 
may he again repeated iti one or two 
hours. Wanietscheck (Prager med. 
Woch., Nil. 50, 1906). 

To prevent vomiting, the author 
aims to oxidize the ether as soon as 
the anesthetic effects are no longer 
needed by the surgeon. This he ac- 
complishes by administering oxygen 
inhalations immediately on suspen- 
sion of the anesthetic, and continuing 
it until consciousness is regained, and 
in some cases even longer. He has 
used this method for two years in a 
variety of operations and always with 
success. W. T. Wootton (Jour. 
Amer. Med. Assoc., April 27, 1907). 

Endorsement of McArthuPs plan, 
which consists of giving 2 ounces 
(60 c.c.) of fresh cold water to drink 
after midnight on the morning of 
operation, repeating this every fourth 
hour until two hours before opera- 
tion, when 10 ounces (3(X) c.c.) are 
given and repeated just before an- 
esthetization begins. Gunn (Mont- 
real Med. Jour., June, 1907). 

Especially In the case of operations 
done during the first whiffs of ether, 
the Bier constricting band, applied to 
the neck immediately after the close 
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of the operation and left in i)l;ice for 
a half to one hour, while the patient 
reclines, eliminates vomiting. Ritter 
(Zentralbl. f. Chir., July 11, 19081. 

The most rational way to treat and 
I)revent nausea and vomiting after 
anesthesia is t(» promote eliminatit)n 
of the anesthetic. The i)atienl should 
be kept warm so that the skin may 
act freely, and renal secretion should 
be helped by saline enemata, intro- 
duced slowly as soon as the patient 
is back in bed. While elimination is 
thus going on, the less put into the 
stomach the better. Thirst gives 
little tr<mble if enemata or subcuta- 
neous injections are used. Washing 
out the mouth with lemon- juice and 
water is pleasant for the patient, and 
helps to allay thirst. J Ilium feld 
(Med. Press and Circular, June 16, 
1909). 

The author urges that the patient 
drink an abundance of water for two 
days preceding the operation, and 
gives saline enemas every few hours 
after the operatiem to lessen the 
thirst, nausea, and shock. When not 
contraindicated by the operation, it 
is sometimes advisable, when ether 
mucus has been swallowed, to allow 
the patient to drink all the water de- 
.sired as soon as consciousness re- 
turns; if this is vomited the stomach 
is washed out, and if it is retained 
the ether mucus is diluted. Another 
method, atlvocatcd by Kelly, is to 
wash out the stomach thoroughly 
after the operation, and then leave in 
it 6 ounces (180 c.c.) of a saturated 
solution of magnesium sulphate. L. 
F. Watson (Old Dominion Jour, of 
Med. and Surg., Sept., 1909). 

Thirty patients were given olive oil 
by mouth immediately after partial 
restoration of consciousness follow- 
ing an ether anesthesia. The results 
were striking. In certain of the 
cases nausea failed to occur at any 
time. In a second group in which 
nausea had begun prior to the ad- 
ministration of the oil it was imme- 
diately checked by it. T.i only 1 pa- 
tient was nausea observed after 


giving the oil. E. A. Graham (Jour. 
Arncr. Med. Assoc., Dec. 18, 19W). 

The author administers 15 grains 
(1 Gm.) of chloretone in a capsule, 
one and a half hours before t)perat- 
ing. It lessens the patient's dread; 
the anestlietic is taken more quietly 
and less is required: the patient 
comes out (inietly (healing by first 
intention is thus facilitated, ligatures 
are less likely to slip, and bandages 
remain umlistnrhed ), sluH*k is mark- 
edly reclneed, and nourishment can 
be taken freely as soon as the patient 
becomes fully conseioiis. The cmly , 
drawback is that the drug may cause 
dizziness before the t)peration. L. W. 
Rickie (Thcrap. Gaz., Mar., 1912). 

Respiratory Complications, especi- 
ally frequent after ether, occur in the 
form of bronchitis, lobular or lobar 
pneumonia, and edema of the lutiR’s. 
They have been ascrilied to irritation 
by the anesthetic, undue exposure of 
the patient \o cold, and the inhalation 
of vomitus or scjitic duids during* the 
operation. Doulilless in many in- 
stances several of these causes have 
been simultaneous] V operative. 

Acute edema of the lungs is one of 
the immediate secpicls of ether nar- 
cosis, and, while conqiarativcly rare, 
it must he reckoned with. In the case 
reported l)y the author the whole 
process appeared to have originated 
in the air-vesicles, and to have run 
its course and ended there. The most 
effeelivc features in the treatment 
during the crisis were a large dose of 
nitroglycerin, moderate elevation of 
the foot of the bed, and very active 
dry-cupping all over the chest. The 
patient recovered. Any exposure 
during operation which tends to 
check active perspiration is very dan- 
gerous to both the lungs and kidneys. 
Pedersen (Annals of Surg., Jan., 
1Q06). 

Study of 2500 cases of ether anes- 
thesia, in nearly all cases with the 
Clover inhaler: 55, or 2.2 per cent., 
developed some lung complication; 
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32, or 1.28 per cent., came to autopsy; 
35 occurred during the cold months 
of the year. The lung complica- 
tions all developed within forty-eight 
hours; 37 cases had some septic 
focus before the development of the 
lung complications. Tn 8 cases the 
presence of emphysema was noted, in 
1 there. was chronic bronchial asthma, 
and in 9 cases chronic nephritis was 
present. There were 14 cases of 
lobar pneumonia, 16 of bronchopneu- 
monia, 19 of bronchitis, 3 of plastic 
pleurisy. Armstrong (Brit. Med. 
Jour., May 19, 1906). 

Lobar pneumonia following’ anes- 
thesia differs from that commonly 
seen in lower and more irregular tem- 
perature, shorter and rarely a true 
crisis, greater freedom from compli- 
cations, central type, lung signs de- 
veloping late and cough not marked 
or severe, and sputum rarely blood 
tinged. In most cases more than 
one theory is necessary to explain 
the origin: 1. Irritant action of anes- 
thetic; ether is the most irritant, 
chloroform the least. 2. Aspiration of 
mucus and vomitus and hypersecre- 
tion of mucus. 3. Emboli. 4, Toxic 
effect on heart and blood-vessels; 
chloroform is the most dangerous. 5. 
Presence of pneumococci and other 
bacteria in mouth and throat. 6. Ex- 
tension of infection through subdia- 
phragmatic space. 7. Cooling of the 
body; a loss of temperature from a 
half to one degree may follow pro- 
longed anesthesia without any other 
factor. 8. Limitation of lung expan- 
sion. 9. Lessened resistance of the 
patient. Prevention lies in disinfec- 
tion of the mouth and nose as a 
routine measure, and administration 
of the anesthetic by the open drop 
method with the head low and to one 
side, and the jaw kept forward. The 
patients must be kept warm and dry 
by warm pads, jackets, and leg 
covers. Wight (Bull. Johns Hopkins 
Hosp., March, 1908). 

Complications on the part of the 
lungs follow in about 5 per cent, of 
all laparotomies. A. Lawen (Miinch. 
med. Woch., Oct. 3, 1911). 


Rovsing has proved experimentally 
that the bronchi are not at all irri- 
tated by ether, which, indeed, was 
originally used as an inhalation 
remedy for certain lung diseases. 
Mikulicz, substituting chloroform for 
ether, observed an increase of post- 
operative pneumonia, while local 
anestliesia caused a still greater in- 
crease. After abdominal operations 
the close relationship of the pleural to 
the abdominal lymphatics seems to 
explain its production. W. E. Dar- 
nell (Amer. Jour, of Obstet., Mar., 
1917). 

Such complications are particularly 
likely to occur, however, where pre- 
disposing conditions such as bron- 
chitis, emphysema, old age, and 
general enfceblement already exist. 

Ether occasionally causes a latent 
tuberculous process to break out 
afresh. 

The treatment of the respiratory 
complications is that classically 
recommended for the conditions 
present. The reader is referred to 
the articles on Pneumonia, Bron- 
chitis, etc., for information in this 
direction. 

Renal Complications. — Irritation of 
the kidneys, as shown by the appear- 
ance of albumin, casts and occasion- 
ally red blood-cells in the urine, 
may be observed after ether as well 
as after chloroform. 

In 65 chloroform cases the urine 
showed albumin or casts (or both) in- 
duced or increased after inhalation in 
40 per cent, of the cases, sugar occur- 
ring in 1 instance. In Cl cases of anes- 
thesia produced by nitrous oxide fol- 
lowed by ether, albumin and casts 
occurred or were increased in the urine 
in 12 per cent., 1 case showing sugar. 
In 41 cases of chloroform followed by 
ether, albumin and casts were induced 
or increased in 41.5 per cent, of the 
cases. In 28 ether anesthesias, 39 per 
cent, of the cases showed albumin and 
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casts increased or present afresh after 
the narcosis, 2 cases also showing fresh 
occurrence of sugar in small quantities. 
Goodwin (Therap. Gaz., May, 1905). 

Where renal disease already ex- 
isted beforehand, su])i)rcssi()n of 
urine may occur, and the condition 
of the kidneys be made worse. 

The early effect of both ether and 
chloroform up to the period of com- 
plete insensibility is ordinarily an in- 
crease of the secretion of urine. This, 
as a rule, is more pronounced in the 
case of ether than of chloroform, but 
during full anesthesia, however pro- 
longed, the secretion of urine is .almost 
completely arrested. The depressing 
effect during this period is more pro- 
nounced with ether than with chloro- 
form. On removal of the anesthetic 
the kidneys rapidly recover, and there 
is hyperacidity lasting for some hours. 
Thompson (IJrit. Med. Jour., March 25, 
1905). 

During ether narcosis the volume of 
urine secreted is affected in tw'o ways. 
In most instances there is a decrease, in 
a few an increase. The latter is prob- 
ably an early or light effect, the former 
a pronounced effect. The maximum 
outflow of urine occurs about three 
hours after discontinuance of the anes- 
thetic. With ether the urine when 
dimini.shed in volume i.s, as a rule, more 
concentrated (contains more nitrogen). 
The converse is the case with chloro- 
form. Arrest of urinary secretion 
occurs more readily and wdth a rela- 
tively higher blood-pressure in ether 
than in chloroform narcosis. The 
escape of leucocytes into the urine after 
full ether narcosis is more marked than 
with chloroform, probably indicating a 
higher degree of stasis in the glomeru- 
lar capillaries. An increased excretion 
of chlorides is seen after ether inhala- 
tion, but much less and of shorter 
duration than in the c.ase of chloroform. 
Thompson (Brit. Med. Jour., March 
24, 1906). 

The effect of chloroform and ether 
on the kidneys is merely o..e manifes- 
tation of a general intoxication of the 


system from the drug. The old theory 
of a del.'iyed toxic action on the kidneys 
has been sustained by recent research, 
which has re\caled degeiUTation of the 
parenchymatous organs throughout, hut 
most prominent in the kidneys. The 
least harmful of all techni(|ues is gen- 
eral aiiestheMa with ether jiliis oxy- 
gen, preceded by an injection of 
morphine. I'ndei* all conditions the 
amount of tlie anesthetic used .should he 
the sinalkst i)ossil)h‘. Loss of blood 
shouhl he coiiih.'ited m every possible 
w.ay. The interval hetwa'en successive 
anesthesias should he at lea.st a week, 
and the second anesthesia should never 
lie attempted until the iinne is free 
from alhiimin and has lost its transient 
reducing power M. llirscli (Ceiitralhl. 
f. (1 (irenz d Med. ii. Cliir., Dec. 31, 
1908). 

1'be treatment of renal complica- 
tions after ether comprises saline 
enteroclysis, the administration of 
purgatives and t^nirritaling diuretics, 
and other measures commonly em- 
ployed in similar states otherwise 
arising. 

Late Poisoning. — Disturbances of 
metabolism, due t(^ jicrsisting effects 
of the anesthetic upon the cells of 
parenchymatous organs, especially 
the liver, kidneys and lieart, and cul- 
minating in acid intoxication, with 
marked restlessness, vomiting, de- 
lirium, convulsions and coma, some- 
times followed l)y death, occur much 
more rarely after ether than after 
chloroform. The symptoms tyi)ically 
begin only a number of hours or two 
or three days after the anesthesia, 
and in fatal cases progress rapidly to 
a termination. This condition, with 
its treatment, has been fully dis- 
cussed in the article on Cfilokoform 
(Vol. Ill), to which the reader is 
referred. 

In the fatal cases of late intoxication, 
death is almost invariably due to chloro- 
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form; ether is seldom the cause of a 
death of this kind. Bevan and Favill 
(Jour. Amer. Med. Assoc., Sept. 2, 
1905). 

Operations should be delayed when 
possible if a fatty liver be suspected, 
eg., in subjects of rickets and infantile 
paralysis who have been overfed with 
fattening food and underexercised; in 
cases of sepsis and diabetes, and when 
a history of cyclic vomiting is obtained. 
When a child has recently vomited ap- 
parently without cause, an intended 
operation should be po.stponed. When 
fatty liver is suspected the patient 
should be kept for some days on a diet 
restricted in fat. Bicarbonate or 
citrate of soda should be given. Mild 
purgation may be beneficial. Starvation 
will cause acute acetonuria; therefore, 
nutrient enemata should be given two 
hours before and immediately after an 
operation. The treatment of acid in- 
toxication following operations should 
be by venesection, saline transfusion, 
and clysters of solution of bicarbo- 
nate of sodium. L. G, (nithrie (Clin- 
ical Journal, June 12, 1907). 

The old treatment of postanesthetic 
acidosis was to give alkalies, but that 
line of action no longer appears con- 
vincing. The disease is due to exhaus- 
tion of the liver and to damaged tissue, 
and the treatment is to give glucose, 
if possible by the mouth, or, failing 
this, by rectal injection ; treated in this 
way, these cases do, as a rule, ex- 
tremely well. Buxton (Clin. Jour., 
April 24, 1912). 

Postanesthetic Paralysis. — This is 
a complication only indirectly due 
to the anesthesia, and consisting in 
loss of function of certain nerves due 
to pressure upon them by reason of 
faulty positions of the patient dur- 
ing operation or to the resting of 
limbs on the edge of the table. The 
most common paralysis occurs in the 
arm, and is due to pressure exerted 
upon the musculospiral nerve as the 
arm hung down beyond the table- 
margin. The brachial plexus may 


also be affected, owing to pressure 
from the head of the humerus in a 
case where the upper extremities 
have been ke])t above the head dur- 
ing the o])eration. 

Postoperative paralysis results from 
temporary pressure of the head of the 
humerus ou the infraclavicular portion 
of the i)lexu.s, due to hyperelevation of 
the arm, with rotation inward. The 
author favors Holst’s method of 
securing the arms at the sides, resting 
on cushions. Glitsch (Zentralbl. f. 
Gynak., Nu. 39, 1904). 

Paralysis of nerves of the leg or 
face also occasionally occurs. The 
paralysis is not generally permanent. 

In rare instances, more widespread 
I)aralysis follows operation, owing to 
cerebral hemorrhage or embolism 
resulting from the primary stimulat- 
ing effect of ether on the circulation. 

Anesthesia paralysis occurs in two 
forms, pcrij)hcral and central. The 
peripheral may be averted by proper 
treatment during narcosis. The cen- 
tral cannot he prevented, though its 
danger may be avoided by limiting the 
quantity of anesthetic and by a pre- 
liminary hypodermic of morphine in 
ether anesthesia or ether narcosis, to 
control excitement. Halstead (Wise. 
Med. Jour., Feb., 1908). 

ANESTHESIA BY INTUBA- 
TION AND INTRATRACHEAL 
INSUFFLATION. — In cases where 
anesthesia with the mask is difficult 
and where it is earnestly desired to 
use as little of the anevSthetic as pos- 
sible, Kuhn introduced a method con- 
sisting in intubation of the larynx 
and connection of the intubation tube 
with a rubber tube attached to a 
funnel covered with gauze, on which 
the anesthetic is dropped. By this 
procedure there is gained absolute 
control of the amount of anesthetic 
administered, and relief from the risk 
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of swallowing blood as well as from 
the necessity of frequently interrupt- 
ing anesthesia in facial, nasal, and 
buccal operations. 

In 1909 Meltzer and Auer dis- 
covered a new method of effecting 
artificial respiration which later on 
proved in addition highly advan- 
tageous, under certain circunistatices, 
for the administration of anesthetics. 
The principal feature is that, by 
means of a tube ])assed into and fit- 
ting loosely the trachea, ether-laden 
air is led in a nearly constant stream 
approximately to the tracheal bifurca- 
tion. So perfect an artificial \enti- 
lation of the lungs is thus secured 
that the respirat(^ry UK^vemenls be- 
come largely or wholly unnecessary, 
and correspondingly cease, father or 
both sides of the thorax can now be 
entered for surgical procedures with- 
out any ill-effects from the result- 
ing pneumothorax. The diniinislied 
number of respiratory inoxements 
furthermore, facilitates the perform- 
ance of such procedures. A very com- 
plete aeration of the intrapulmonary 
surfaces is insured by this method, 
and the patients therefore recover 
quickly from the anesthetic. 

The apparatus required, in its sim- 
plest form, consists merely of a foot- 
bellows, a Wolff bottle, a mercury 
manometei, and a soft-rubber cathe- 
ter. These are united by rubber tub- 
ing so that air can be forced through 
ether in the Wolff bottle and thence 
through the catheter into the lungs, 
while the pressure of the air-current 
is constantly indicated by the mer- 
cury manometer. 

The apparatus described consists 
of a Wolff bottle with three necks 
placed within a copper ater-jacket, 
and a foot-bellows. By means of 


cocks the stream of air can be carried 
throuj^h the hot water, c»ver the top 
of the ether in the Wolff bottle, or 
thron/^h the ether wlien a particularly 
stronj^ vapor is desired. Air and 
ether vapor may be mixed in any 
proportion. Connected with the de- 
livery end of the apparatus is a safety 
valve and ])ressurc rej,;ulator consist- 
in/:^ of a, bottle of mercury into which 
a tube is pliinj,^ed. The depth of the 
tube in the mercury, which is ad- 
justable, represents the maximum of 
l)ressure which is allowed within the 
apparatus; if for any reason the pres- 
sure should rise, the valve "blows off’* 
automatically. 

The air or mixture is supplied at a 
practically constant temperature of 
about 10 decrees above room tem- 
perature. As an intratracheal tube 
the author uses a I'rcneli lisle cathe- 
ter, 22 to 24 !'., moistened in hot 
water to render it pliable, a new and 
sterile one beiiiK* used for each case. 
For the introduction of the tu])e, be 
uses a laryn^^eal forceps with sleeves 
attached for ^^rasping the tube near 
its extremity. Ehrcnfried (Boston 
Med. andi Surg. Jour., April 13, 1911). 

Case in which extensive subcutane- . 
ouSl emphysema followed intratra- 
cheal anesthesia. Second accident in 
New York City; the first was fatal, 
showing method is not without dan- 
ger, and' that a safety valve (so that 
the pressure cannot exceed 15 mm. 
Hg.) is absolutely essential. The fol- 
lowing may occur: direct trauma 
due to the catheter, either during in- 
troduction or afterward, or from 
pressure of the sand hags under the 
neck; trauma by overdistension, by 
inserting catheter too far, and there- 
by tightly plugging a bronchus, lead- 
ing to rupture of the lung; obstruc- 
tion from extreme flexion of head 
and pressure of the sand bags under 
the neck; the catheter may be too 
large. H. C. Luke (Surg., Gynec. 
and Ohstet, Feb., 1913). 

By means of intratracheal insuffla- 
tion one of the dangerous effects 
of ether and chloroform is elimin- 
ated, that resulting from partial or 
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complete respiratory paralysis, for 
the respiration is produced artificially. 
It does not necessarily cause apnea, 
for spontaneous respiratory move- 
ments may still be detccte/<^l. When 
the dose of ether is too large, the 
first sign is the cessation of the 
spontaneous respiration — a danger 
signal that the etherization has en- 
tered the toxic zone, and since it may 
be hours before the real danger ap- 
pears, it is a safe and valuable signal. 
The results with chloroform arc dif- 
ferent; when the anesthetic dose is 
excessive, respiration and blood- 
pressure go down practically to- 
gether, and in a comparatively short 
time. Githens and Meltzer (Jour. 
Amer. Med. Assoc., Apr. 26, 1913). 

Since the introduction of intratra- 
cheal anesthesia in 1909, it has been 
employed successfully in the Johns 
Hopkins clinic, in all types of cases, 
but chiefly in operations about the 
head and neck and in the thorax and 
spinal canal. Pure air is brought 
directly into the larger bronchi, while 
the vitiated air is forced out by the 
returning air streams, and the dead 
space of the mouth, pharjmx, larynx 
and trachea is eliminated. The anes- 
thetist has been relieved almost en- 
tirely from the embarrassment due 
to cyanosis. The difference in the 
effect on the pulse is marked. With 
intratracheal anesthesia the average 
increase was 27 beats as against 47 
with drop ether. Watts (Jour. Amer. 
Med. Assoc., Sept 4, 1915). 

In all 3 forms of insufflation, the 
tracheal, the pharyngeal, and the buc- 
cal, there are common advantages 
over the usual inhalation methods. 
These advantages are that the vapor 
is warmed before delivery to the pa- 
tient, and the rate of administration 
can be more e''^enly maintained, with 
consequent smoother anesthesia and a 
lessened liability to overanesthesia. 
In the tracheal and pharyngeal in- 
sufflation the obstruction at the base 
of the tongue is automatically re- 
moved, and therefore there is no de- 
vitalization of the patient by forced 
breathing. The insufflation method is 


especially indicated in operations 
upon the throat and the chest. R. C. 
C'oburn (Med. Rec., Mar. 3, 1917). 

In intratracheal anesthesia the di- 
version of a portion of the air stream 
over the ether surface has usually 
been accomplished by means of stop- 
cocks in the tubing. The writer 
describes a new “constant volume 
valve” which constitutes essentially -a 
convenient means of regitlating all 
these (3) stop-cocks synchronously. 
The mixture of ether vapor from a 
Wolff bottle with air may thus be 
adjusted in any proportion without 
changing the volume or pressure at 
which the mixture is delivered. Gates 
(Jour, of Exper. Med., July, 1917). 

Intratracheal insufflation was used 
by the writer in 930 cases. In 407 of 
these it w^as used for operations on 
the face, mouth, and pharynv in 
which there was l)leeding into the air 
passages. When difficulty is experi- 
enced in exposing the vocal cords the 
application of a 5 per cent, solution of 
cocaine to the pharynx and epiglottis 
is recommended. 'I'his is particularly 
helpful when light anesthesia is indi- 
cated and refutes the criticism that the 
depth of anesthesia necessary to pass 
the catheter prohibits the application 
of the method in cases of this kind, in 
which its use is especially advantage- 
f)Us. I\ E. Shipways ( Proc. Roy. 
Soc. Med., London, xiii. Sect Anes. 
1, 1919). 

The technique of the insufflation 
anesthesia is as follows: The patient 
having first been anesthetized in the 
ordinary way, a 10 per cent, cocaine 
solution is sprayed over the pharynx. 
With the head extended over the end 
of the table, and the tongue pulled 
forward, the glottis is held open with 
the forefinger of the left hand, while 
the right passes into the trachea a 
catheter having a diameter about 
one-third that of the canal. Too 
large a catheter causes shallow 
breathing and cyanosis under small 
pressure, whereas one too small fails 
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to keep the patient under. For the 
average adult a catheter No. 22 to 28 
French is suitable. It is passed down 
to within one inch of the bifurcation, 
which measures on the catheter 
about 26 cm. from its tip. 

Description of an introducer for tli“ 
radical tube, following nearly in 
curve and angle the O’Dwyer appa- 
ratus. When the patient is etherized 
fully with inhaler or cone, a month- 
gag is inserted on the patient’s left, 
the tongue dragged f(trward sharplv 
with tongue forceps, the operator’s 
left index linger thrust down untd it 
meets the epiglottis, and the intro- 
ducer, held in the right hand, is 
pushed in and down, alongside the 
left forefinger, till it has passed the 
upper projecting edge of the epiglot- 
tis. Then the heel of the instrument 
is pitched upward, and the assistant 
feeds the catheter into the larynx 
and trachea. At first nitrous oxide 
WMs given with the usual oxygen co- 
efficient till consciousness was lost, 
and anesthesia then deepened hy the 
addition of ether till the laryngeal re 
flex was alxdished, when the intra- 
tracheal tube was introduced. Outon 
and IbDothby (Surg., Gynec., and f)b- 
stet., vol. xiii, p. 572, 1911). 

Two methods of introduction of 
the tube have been in use — that of 
direct inspection through a Chevalier - 
Jackson laryngoscope ; and by means 
of a specially constructed introducer 
in which the tube is threaded through 
a tunnelled urethral sound with an 
O’Dwyer curve to hook over the arch 
of the tongue. The tube should be 
22 F. for most adults, occasionally 
24 in thoracic cases, to insure a re- 
turn flow of air not too great for the 
maintenance of sufficient intrapul- 
monary pressure. If the tube is so 
small as not to provide for sufficient 
pressure to keep the lung inflated 
when the chest is open, according to 
Meltzer pressure just below the thy- 
roid notch, at the middle of the 
thyroid cartilage, every few minutes 
will remedy the defect. Woolsey 


(X. Y. State Jour, of Mvd., April, 
1912). 

I he bellows are then attached and 
a mixture of air and ether pumped 
in a steady stream into the trachea 
under a pressure of about 12 mm. of 
mercury, i he callieter, hy partially 
obstructing* the outflow of air and 
ether, raises the intrathoracic pres- 
sure. When the thorax is open the 
lungs may be colla])sed or distended 
at will by decreasing or increasing* the 
l)ressurc. The res])iration l)CComcs 
shallower as the pressure is raised 
fff. II. Kerr). 

Elshcrg has devised and ii.scs an 
electrically driven, improved form of 
the a])paratus above referred to, 
while II. If. janeway still more 
recently lias described a further im- 
provement and elaboration (Fig. 7 ) 
of the original mechanism, whicli 
is so planned as to supply a current 
of warmed, moi.stened and filtered 
air, containing* any desired amount of 
ether vapor, and interrupted at regu- 
lar intervals. The interruptions in 
the fhm are very imjxM'tant in that 
they not only assist the diffusion of 
OX} gen in the lungs, but overcome 
the tendency to obstruction of the 
venous return flow to the heart result- 
ing from the pressure of the con- 
stantly distended lung on the great 
veins. Janeway’s apparatus is also 
provided with a blow-off safety-valve, 
to guard against injury to the pa- 
jiatienFs lung if an accidental marked 
rise of pressure should take place 
owing to faulty introduction of the 
tracheal tube. Foot-bellows are al- 
ways to be kept at hand for use in 
case the electric current actuating the 
motor should happen to give out. 

From the moment the power is 

turned on and the pressure regulated, 
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the anesthetist has nothing: to do but 
watch the pressure gauge and occa- 
sionally interrupt the current of air 
so as momentarily to collapse the 
lungs. 1'he tracheal tube must be 
fairly rigid so that it cannot be 
coughed out when once in place. 
This re(iuiremciit is best met by a 
silk-woven catheter. It should have 
an opening at or near its end and 
must he at least 30 cm. long. The 
ordinary silkworm urethral catheter 
will do very well, and has the ad- 
vantage that it can he obtained any- 
where. The catheter should have 
two marks upon it, one 12 cm. from 
the tip, and a second 26 cm. from 
the tip. Therefore, if the tip of the 
intratracheal tube is 26 cm. from the 
incisior teeth, it will lie 5 cm. or less 
above the bifurcation of the trachea. 
For the adult it is advisable to use a 
tube whose diameter measures about 
one-half of the length of the glottis 
as seen through a direct laryngo- 
scope. The author insufflates pure 
air for a few minutes at the end of 
the anesthesia so as to blow out the 
anesthetic from the lungs and tra- 
chea. So quickly will the patient re- 
act that one must be careful that he 
is receiving enough ether mixed 
with the air during the operation. 
C. A. Elsberg (Annals of Surg., Feb., 
1911). 

From observations in 216 cases the 
author regards insufflation anesthesia 
as safe if certain cardinal principles 
are observed in its administration, 
viz., one must guard against over- 
pressure, spraying of liquid ether 
through the tube, introduction of the 
tube into the esophagus, introduction 
of the lube beyond the bifurcation of 
the trachea, and trauma to the 
pharynx or larynx in intubation. 
Proper apparatus and ordinary cau- 
tion should absolutely prevent the 
accidents re.sponsihle for the few 
deaths reported from the method. 
The uniformly sufficient aeration of 
the lungs, with the even administra- 
tion of well-diluted ether vapor, re- 
lieves the respiratory apparatus and 
central nervous system of much 


strain, and overetherization is im- 
possible. Peck (Annals of Surg., 
July, 1912). 

Endotracheal insufflation anesthe- 
sia, properly administered and safe- 
guarded, can be rendered devoid of 
intrinsic danger. It is indicated 
whenever the operation is about to 
interfere in any way with the ability 
of the patient voluntarily to respire. 
Of the various anesthetics to be used 
with this method, ether with air is the 
most applicable for general use; how- 
ever, nitrous oxide oxygen with 
minimal quantities of ether may occa- 
sionally be tbe anesthetic of choice. 
To prevent deaths from emphysema, 
the apparatus must be provided with 
a safety-valve by which the eiulo- 
thoracic pressure cannot exceed 15 
mm. ilg. Cotton and Boothby (An- 
nals of Surg., Jan., 1913). 

Woolsey enumerates the indica- 
tions for intratracheal anesthesia as 
follows: (1) Intrathoracic surgical 
cases where its j)ositivc intrapul- 
monary pressure presents acute 
])neumolhorax. (2) Hiat class of 
cases where the obstruction to breath- 
ing- exists in the air-ways between the 
teeth and the trachea, from collapsed 
ahe nasi, recedent jaw and tongue, 
or paralyzed soft palate and glottis, 
and in which narcosis is generally 
maintained in spite of serious anoxe- 
mia. (3) In cases where the factor 
of safety is lowered by age or dis- 
ease. (4) In all operations of serious 
nature about the oral or nasal cavi- 
ties, where aspiration of blood and 
tumor material would be a source of 
danger. 

Report of a case in which operation 
was undertaken for a large sarcoma 
beneath the clavicle. Under ether 
narcosis a catheter was easily intro- 
duced into the glottis. Laughing gas 
and ether anesthesia was continued 
through the catheter. The operation 
lasted about an hour and only 100 gr. 




B 



Pig. 7, — ^Janeway’s apparatus for intratracheal insufflation. A, front view. 3, valve for 
regrulating the amount of air passed over the surface of the ether; 4, ether jar; 5, water jar; 
6, valve for bubbling a portion of the air through the top layers of the ether: 8. worm wheel 
operating interrupting valve. B, back view. I, blower: 'J, air filter and muffler ; 7, Interrupting 
valve; y, safety-valve controlling the pressure; lo, condensing bulb. 

(Annals of Surgery.) 

4—44 
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of ether were required. The patient’s 
condition remained good throughout 
the operation and a necessary incision 
of the pleura was borne without 
the slightest disturbance. E. Unger 
(Berl. klin. Woch., Sept. 19. 1910). 

Intratracheal insiiflflation anesthesia 
found very useful in operations on the 
neck, such as thyroidectomy. The 
operator can manipulate the trachea 
as much as necessary without causing 
disturbance in breathing or interfer- 
ing with the anesthesia. Nor need he 
fear a sudden collapse of the trachea 
during the removal of a large goiter. 
The method is of great value in op- 
erations on the tongue and mouth and 
in operations on the superior and in- 
ferior maxilla, in which the buccal 
cavity or pharynx has to be widely 
opened. There is no danger of as- 
piration of blood into the lungs, and 
tamponade of the larynx is unneces- 
sary. The current of air continually 
flowing upward in the trachea by the 
side of the tube will blow out all 
blood tending to run down into the 
larynx and trachea. The anesthesia 
should be advantageous in operations 
on the brain and the spinal cord, such 
as bilateral suboccipital craniotomy 
and laminectomy, in which the pa- 
tient has to be in the prone position. 
Elsberg (Annals of Surg., June, 
1911). 

Tracheal insufflation anesthesia 
oflers the best available conditions 
for progress in surgery of the tho- 
racic cavity. Nitrous oxide and oxy- 
gen can be successfully exhibited 
through the intratracheal tube. Un- 
favorable results that have been re- 
ported have had their origin in easily 
remedied faults of technique. Use no 
force in the introduction of the tra- 
cheal tube. Use only the lowest con- 
centration of ether compatible with 
narcosis. Never insufflate without 
an efficient and suitable mercury 
manometer and safety-valve that will 
register a maximum of 20 mm. of 
mercury. W. C. Woolsey (N. Y. 
State Jour, of Med., April, 1912). 

Report of 2 cases in which Meit- 
ner’s method of intratracheal insuffla- 


tion was applied, proving in one a 
direct life-saving measure. This was 
an operation for sarcoma of the naso- 
pharynx, orbit, and maxillary sinus 
which had twice recurred after re- 
moval. The first symptoms had been 
noted eight months before. With the 
intratracheal Mcltzer technique the 
operation was conducted safely and 
more radically than had previously 
been possible. R. Alessandri (Poli- 
clinico, Sept. 8, 1912). 

Intratracheal insufflation anesthe- 
sia used in almost 500 cases of all 
kinds. Outside of its special field, 
thoracic surgery, the author has found 
it of great value in cases of intestinal 
obstruction, for it completely does 
away with the dangers of aspiration 
of vomited matter. It seems partic- 
ularly well borne by ver}'' weak and 
cachectic patients. In goiter opera- 
tions it prevents cough and tracheal 
collapse. In those patients with a 
chronic bronchitis or some pulmo- 
nary trouble, it seems entirely to do 
away with the danger of subsequent 
pneumonia. Elsberg (N. Y. State 
Jour, of Med., Sept., 1912). 

Some of the advantagfes of the in- 
tratracheal procedure in ordinary 
anCvSthesia are as follow.s : Prolonged 
anesthesia appears to be harmless ; 
there is no rattling of mucus in the 
throat ; cough and lung complications 
are not produced, and postoperative 
vomiting is absent. 

In all but a few of 200 cases, the 
anesthesia was very satisfactory, and 
it was particularly free from compli- 
cations and after-effects. Elsberg 
(Annals of Surg., Dec., 1911). 

Intratracheal insufflation anesthesia 
employed in 25 cases. The patients 
recovered more quickly, the after- 
effects were lessened, vomiting was 
only noticed once, and from the sur- 
geon’s point of view the anesthesia 
was perfect. The anesthetist has a 
greater sens© of security, for if at 
any time he thinks that artificial res- 
piration may be necessary, he has 
the apparatus ready at hand and has 
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merely to turn the pointer from 
“ether’' to “air.” R. E. Kelly (Brit. 
Med. Jour., July 20, 1912). 

General Analgesia by Oral Admin- 
istration. — This method is used for 
minor but painful procedures so fre- 
quently necessary in connection with 
wholesale war surgery, and especially 
painful dressings. It docs not neces- 
sitate the removal of the patient 
from the bed and does not result in 
subsequent nausea and vomiting. It 
is especially useful when large num- 
bers of such dressings are a neces- 
sary daily routine. 

After a scries of animal experi- 
ments to determine the feasibility of 
producinpf ?^ent*ral analgesia by the 
oral administration of various nar- 
cotic drugs, the following mixture 
was tried by the writer on man with 
favorable results: — 

Ether, 

Liquid petrolatum, of 

each Ib.O (4 drams). 

Peppermint leatcr . 0.3 (5 minims). 

This (lose could he. taken with ease 
and very little bad taste if sand- 
wiched between mouthfuls of port 
wine, it produced a marked degree 
of general analgesia, sufficient to 
permit otherwise painful dressings 
being accomplished without discom- 
fort. Combined with a few whiffs of 
chloroform, short operations could 
also be performed without pain The 
formula was improved, and as now 
used is: Chloroform, from 2 to 4 
Gm. iVi io \ dram) and 14 Gm. {V/i 
drams) each of ether and liquid 
petrolatum. The solution produces 
no ill after-effects, and is quite with- 
out danger, as it docs not produce 
anesthesia. The vaporization of the 
ether has been shown to he slow and 
uniform from oily solution, hence the 
action of the mixture is even and con- 
tinued. Gwathmey and Karsner 
(Jour. Amer. Med. Assoc., Apr. 6, 
1918). 


INTRAVENOUS ANESTHESIA. 

— In 19CK) lUirkliardt advanced the 
view that it is unnecessary for an 
anesthetic to pass through various 
tissues before entering the blood, and 
that the most direct and satisfactoiy^ 
method of anesthesia is to introduce 
the drug directly in tlie blood-stream. 
In his iir.st trials with ether in 33 
human cases, a 5 per cent, solution of 
the drug in normal saline solution 
was used. No cardiac or respiratory 
disturbances were observed, and al- 
most no after-effects — such as head- 
ache and vomiting — w^ere met with. 
No abnormality of the urine, and no 
thrombosis or other bad result, were 
noted. 

In 4 of the 33 cases, however, it 
was not found possible to secure 
complete abolition of the reflexes. 
The amount of duid injected ranged 
from 200 to 800 c.c. Recovery from 
anesthesia was rapid. Morphine and 
scopolamine were generally injected 
before the intravenous anesthesia. 

Children require 10 to 17.5 c.c. (2kf» 
to 4]/2 dram.s) of 5 per cent, ether for 
complete ane.stliesia; women 10 to 
30 c.c. {ZYz to V/> drams), and men 
10 to 40 c.c. {2l'j to 10 drams). As 
soon as the reflexes begin to return, 
it is only necessary to open the can- 
nula and allow 30 to 70 c.c. (7]/2 to 
17>^ drams) more of the solution to 
flow into the vein. Narcosis is com- 
plete in eight to ten minutes, and the 
stage of excitement is usually very 
short. All the disagreeable by-effects 
of ether anesthesia, such as cyanosis 
and disturbances of respiration, rat- 
tling in the throat, etc., are absent. 
The author highly recommends intra- 
venous anesthesia in affections of the 
cardiac and respiratory organs, and in 
feeble and debilitated individuals. Tt 
is also excellent in operations about 
the head and neck. L. Burkhardt 
(Miinch. med. Woch., Nov. 16, 1909). 
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Since in inhalation anesthesia the 
anesthetic is absorbed from the vapor 
introduced in the air-passagres, the dose 
actually" entering the blood is variable, 
being subject to all the accidents of 
laryngeal spasm, respiratory spasm, 
and variations in the depth of respira- 
tion. The exposure of the respiratory 
tract to an irritating vapor is a serious 
drawback. The absorption of the drug 
by the patient cannot be stop])ed ab- 
ruptly, but must go on until the 
patient has rid himself of the vapor 
which fills his lungs and of the anes- 
thetic-sodden mucus in his bronchial 
tubes and stomach. In operations on 
the mouth, jaws, or pharynx the labors 
of the surgeon are made much harder 
by his having to share the field of 
operation with the anesthetist. By 
direct administration of an anesthetic 
by the blood all these difficulties are 
disposed of. The author has given 
ether infusion anesthesia in 136 case.s, 
using a 5 per cent, solution in normal 
saline and an apt)aratus provided with 
an indicator. The introduction of the 
cannula must be carried out with the 
strictest aseptic precautions. Induc- 
tion of anesthesia is usiially quite 
smooth and rapid, three or four 
minutes on the average. The chief 
features of the anesthesia are regularity 
and smoothness, the ease with wdiich 
it can be graduated, and the great 
rapidity of response to slight alterations 
in dose. Of the 136 patients, only 6 
vomited and of these 3 had swallowed 
blood during the operation. The ad- 
vantages were most striking in extreme 
inanition, F. Rood (Proc. Royal Soc. 
of Med., April, 1912). 

From experience in 170 instances 
of intravenous ether narcosis the 
writer regards it as an ideal form of 
narcosis and thinks it is to be regretted 
that it is so little used. He believes 
the injuries observed in certain quar- 
ters must be due to faulty technic. It 
is remarkable how quietly the patients 
“go under," how calm and pleasant 
the course of the anesthesia is, and 
how fresh the patients look when they 
come out of it. However, the method 
is adapted only for the clinic, not for 


general practice. Mom burg (Deut. 
med. Woch., Oct. 13, 1921). 

Since that time other surgeons 
have taken the method up, using not 
only ether, hut various other drugs, 
sometimes in conjunction with the 
ether. The procedure now most 
generally followed is that of Rood: 
A 5 per cent, solution of ether in 
filtered normal saline solution flows 
from a 2-liter reservoir, adjusted on 
a stand eight feet above the floor, 
through an indicator (in which the 
amount of solution being used at any 
given time can be observed), then 
through a warming chamber into a 
blunt cannula and so into the vein. 
The indicator consists of a cylindri- 
cal or globular glass bulb of a ca- 
pacity of 2 to 4 ounces with an inside 
pipette, very much as in Murphy’s 
apparatus for proctoclysis. When 
the a])paratus is working properly, 
the lower half only of the indicator is 
filled with solution. The solution 
flows from the tank through the 
pipette and drops on the surface of 
the fluid in the lower half of the 
indicator. By means of a com pres-, 
sion tap below the indicator, the rate 
of flow is accurately controlled. The 
patient’s arm is bound to a padded 
splint, the bend of the elbow wiped 
with a 5 per cent, solution of thymol 
in carbon tetrachloride, and the skin 
anesthetized with 1.5 per cent, co- 
caine, the median basilic exposed 
through a small incision, and a small 
blunt cannula inserted. The ether 
solution is at first administered at full 
flow, then reduced at the appearance 
of the usual signs of surgical anes- 
thesia — in from one to five minutes. 
The solution now drips in a very fine 
stream or at the rate of 40 to 60 drops 
a minute, the corneal reflex afford- 
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ing a reliable guide for administra- 
tion. The customary attention slioiild 
be paid to maintaining an open air- 
way for respiration, and furthermore, 
as in inhalation anesthesia, economy 
in the amount of ether solution ad- 
ministered is of paramount impor- 
tance. The infused lluid must be kept 
at a temperature not higlier tlian 00'' 
F., otherwise the ether volatilizes and 
escapes. 

The best teiiiponiture for infiising^ the 
ether solution intravenously is 38“ C. 
(1(K)4° J\). Ether is solul)le at this 
temperature only to the extent of 4.()8 
per cent. With lower temperature more 
ether will dissolve, and there is always 
danger of hemoglobinuria with more 
concentrated solutions. The advantages 
of intravenous ether narcosis are espe- 
cially apparent in operations (m the 
face and in cachectic patients, l.oss of 
blood is better tolerated, the pulse 
remains stronger, and the patients do 
not complain so much of thirst after 
the operation. K. Ilagemati (Mtineh. 
mod. Woch., July 11, Edl). 

Experience with intravenous narcosis 
in 250 cases. 1'he author (‘inployed, m 
connection with ether, a variety f>f 
hyiniotics, including urethane, hedonal, 
chloral hydrate, isopral, chloralamide. 
veronal, and veroiial-sodium. He re- 
gards ether in combination with isopral 
as the most clTcctive method of intra- 
venous anesthesia. These agents are 
separately infused. At first a 1.5 t>er 
cent, solution of isopral is instilled in 
amounts of about 40 c.c. (10 drams) to 
the minute, the total amount introduced 
ranging from 100 to 2(X) c.c. (3F; to 
6% ounces). This is followed by the 
ether. Intravenous anesthesia is con- 
traindicated in cases of myocardial 
degeneration, severe arteriosclerosis, 
nephritis, marked icterus, cholemia, 
general congestion and plethora. 
the other hand, it is particularly indi- 
cated in conditions of collapse, profuse 
loss of blood, cachexia, debility, dis- 
turbances of the respiratory organs and 
peritonitis, as well as i.. operations 
on the head and neck, including the 


buccal and pharyngeal cavities. L. 
Burkhardt (Munch, mod. Woch., Nov. 
15, 1911). 

Intravenous ane.sthesia is indicated in 
operations about the head and neck, in 
hcnu)rrhage, in weak eaehcetie patients, 
in tlisea.ses of the respiratory tract 
where inh.'ilatioii anesthesia is objec- 
tionable. etc. It is emitraiiidieated 
in iiepbritis, extreme arteriosclerosis, 
severe heart lesions, pb'tborie patients, 
etc. In the author's (^t)inion, its chief 
field of usefulness W'ill be found in 
operations about the neck. Dodge 
(Boston Med. and Surg. Jour., Dec. 28, 
1911). 

A total of 498 cases of intraveiiou.s 
ethcM* anesthesia are now on record, 
with 2 deaths, 1 of unknown cause 
and the other a case of embolism re- 
ported by the author, while Kiitthcr 
has reporti'd a case of clinically diag- 
nosed cinholisni. The author think.s 
there can be no doubt that the fatality in 
bis case was the result (»f the infu- 
sion, blit wbctlicr the ether was re- 
.sponsible lor it or the salt-solution 
vehicle was not abso lutely certain, 
lie infused 810 c.c. (27 ounces) of 
normal salt solution containing 5 per 
cent, of ether. Lbfberg (llospitalsli- 
dende, May 8, 1912). 

The intravenous ether method is 
especially useful in operations on the 
head, throat, and neck, as the anes- 
thetist d(>es not encroach on the field 
of ojieration. It answers well in 
cachectic patients generally, and may 
be cinploye<l with advantage in col- 
lapsed al)d()minal cases and in opera- 
tions attended by surgical shock, 
such as those for ruptured ectopic 
gestation, Wertheim’s operation, re- 
moval of the breast, etc. — that is, in 
cases where saline transfusion is 
beneficial. In a case of the author’s 
in which ilcosigmoidostomy was per- 
formed there was alisolutely no 
vomiting after the operation, al- 
though there had been a great deal 
of necessary manipulation of the in- 
testine. 

The procedure is contraindicated in 
the alcoholic, plethoric, and muscular 
type of patient, in cases where there 
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nre advanced changes in the vascular 
and pulmonary systems, and in all cases 
in which transfusion would increase 
backward pressure on the right side of 
the heart. 

The advantages over inhalation anes- 
thesia in selected cases arc ; The pa- 
tient is spared the disagreeable sensa- 
tions; there is no primary irritation of 
the respiratory organs or of the heart; 
a very small amount of anesthetic is 
used; anesthesia, when produced, is of 
a calm and placid nature; there are no 
after-effects; headache and vomiting 
practically never occur, and pulmonary 
complications are absent. L. Napier 
(Glasgow Med. Jour., July, 1912). 

Report of 2i) cases of ether anes- 
thesia, using Burkhardt’s method of a 
continuous flow into a vein of a 5 per 
cent, ether solution, alternating with a 
normal salt solution. The anesthesia 
was prompt and in every way satisfac- 
tory, with no untoward effects. Vosti- 
feeva (Koussky Vratch, Sept. 8, 1912). 

The author describes an apparatus 
for intravenous ether anesthesia in 
which the temperature of the solution 
is easily regulated l)y means of an elec- 
tric bulb, all gas-bubbles are isolated 
from the solution before entering the 
vein, and all danger of infection is 
avoided. Cold, sterile, physiological 
salt solution is filtered through sterile 
filter-paper into a sterilized bottle up to 
a graduated mark at 2325 c.c. (2% 
quarts) and 175 c.c. (5% ounces) of 
ether is then added, making 25(K) c.c. 
(2^ quarts). After being heated in a 
copper coil, the solution passes through 
a “gas separator” and reascends to the 
original container, whence it is drawn 
off by a short tube into the vein. 

The average reiiuiremenl for an 
operation lasting one or two hours is 
1 to VA liters (quarts) of the ether- 
salt solution, and 2 liters have been 
given with absolutely no untoward ef- 
fects. 

The patient goes to sleep on 250 to 
500 C.C. (J4 to 1 pint) in from eight to 
ten minutes. As soon as complete re- 
laxation is obtained the solution may be 
kept shut off over half the time. When 
the patient shows signs of restlessness, 


about 25 c.c. (6 drams) of solution 
gives a very prompt response. This 
advantage over the inhalation method 
is due to the fact that the latter depends 
for its efficiency upon the patient’s 
respiration, which is inhibited at this 
stage \when the patient is coming out). 
Respiration is quiet. The pulse is in- 
creased, as during ether inhalation, but 
apparently not so much. The blood- 
pressure, taken at ten-minute intervals, 
does not show a rise in proportion to 
the amount of liquid injected. 

The following objections to the 
method might be raised: (1) Infection. 
Any careful operator should be able to 
eliminate this. (2) Embolism. Gas 
embolism is prevented by the use of the 
separating device, and the possibility of 
volatilization after entering the blood- 
vessels is reduced by the atlinixture of 
nn.satiirated blood-i)lasma. thus reduc- 
ing the vapor tension. Blood-clot em- 
bolism from clotting of blood in the 
cannula when solution is not flowing 
may be obviated by a little care in 
washing out the cannula occasionally. 
(3) Overfilling of the circulatory 
system. The author's observations did 
not show any marked increase of in- 
travascular pressure. (4) Hemolysis. 
No hemoglobinuria was observed and 
blood e-\aininations did not reveal 
laking of the erythrocytes. 

The series of cases operated by the 
author included the following major 
<)peratioiis: Extensive repair of male 
perineum, decompression, panhyster- 
ectomy, epithelioma of the lip with 
])lastic work, brain tumor, and hernia. 
L. W. Jenkins (Northwest Med., Dec., 
1912). 

Advantages of intravenous general 
anesthesia emphasized. The preliminary 
stage of excitement is nearly always 
absent, the respiration is almost natural, 
the color of the skin remains good, and 
the relaxation and flexibility are entirely 
satisfactory to the operator. The de- 
gree of narcosis can be maintained 
exactly, and wdien the operation is 
finished the patient is almost if not 
quite rational. The anesthetics used 
by the authors are varied: a 5 per 
cent, solution of ether, with filtered, 
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sterile, normal saline solution at 85° 

F. (29.4° C.); hedonal flissolvecl in 
normal saline solution at 70° F. 
(21. P C.) to make a 0.75 per cent, 
solution; paraldehyde, 2.5 per cent., 
and ether, 3 per cent, in normal 
saline solution; or paraldehyde alone. 
Ether always raised the blood-pres- 
sure 2 to 20 mm., while with hedonal 
it fell 10 to 12 mm. One case pur- 
posely selected with a blood-pressure 
of 186 mm. dropped to 142 mm., and 
remained at that level for some hours. 
There were no evidences of hemo- 
lysis beyond that usually occurriiif^ 
in ordinary saline transfusion, or in 
the respiratory administration of 
ether. As far as the blood-picture is 
concerned, hedonal is well borne. 
Complete anesthesia occurs in from 
one and one-half to twenty-three min- 
utes with ether; with hedonal, in 
from twelve seconds to four minutes 
Honan and Hassler (Med. Record, 
Feb. 8, 1013). 

The intravenous method was em- 
ployed by Ore as early as 1872, who 
used chloral hydrate in 51 cases, with 
considerable success. A number of 
fatalities discouraged its employment. 
Burckhardt, in 1909, tried anesthesia 
intravenously on the human subject, 
after experiments on the lower ani- 
mals. Chloroform was first used, but 
abandoned for ether, deemed much 
safer. One year later 6 surgeons at 
the Berlin Surgical Congress corrob- 
orated the work of Burckhardt. The 
method was first used in .America in 
1912 by TTorian, of the Metropolitan 
Hospital, New York City. In 
February, 1913, Honan reported 78 
cases. The intravenous method has 
been employed in over 3(X) cases at 
the Metropolitan Hospital and else- 
where. Federoff collected 500 cases 
from 3 Russian clinics, in which 
hedonal 75 per cent, in normal saline 
was used, without deaths which could 
be ascribed to the anesthetic. 

The objection to the use of hedonal 
is that a large number of red blood- 
corpuscles undergo hemolysis, while 
paraldehyde increases bloud-pressure 
beyond the limits of safety. The 


W’riter advocates the use of isopral 
and ether 7 per cent, in normal saline 
solution. Isopral (trichlorisopropyl 
alcohol) is a white crystalline sub- 
stance closely related to chloral hy- 
drate. and lowers blood-pressure, 
crandler (Jour. Mich. State Med. Soc., 
June, 1914). 

At the end of the operation, unless 
it has been very long, tlie dressing 
should be applied before the how of 
ether is stopped, as the return to 
consciousness often comes very 
])romptly (Ilonan and llassler). 

RECTAL ANESTHESIA.— Piro- 
goff calltd attention to this method 
of anesthesia in 1847. In 1884 
Molliere took it up again. I'inally, 
in 1904, Krougiline used it in 43 pa- 
tients, and since that time greater in- 
terest in it has been awakened. It 
seems to possess inherent disadvan- 
tages, howevei, £>iich as difficulty of 
management, tendency to irritate tlie 
rectal mucous membranes, and the 
possibility of death through rupture 
of a previously unrecognized intes- 
tinal ulcer, which will i)rol)ably pre- 
clude its fre(iuent use. Gwathmey's 
special procedure of etlicr-oil colonic 
anesthesia has already received con- 
sideration in this article. (See page 
654). 

The advantages of rectal etherization 
are so great in operations on the face, 
mouth, neck and thorax that it deserves 
the preference in these cases. Irrita- 
tion of the bowel can be avoided by 
blending the ether with oxygen., at 
body temperature, and preceding the 
application by a brief inhalation of 
ethyl bromide to relax the ileocecal 
valve. With this technique, general 
anesthesia by rectum is no more dan- 
gerous than by inhalation, unless the in- 
testines are diseased. The author uses a 
Y-tube, one branch conveying the oxy- 
gen alone, the other branch passing it 
through a flask of ether, and the two 
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branches then uniting in a single tube 
which conveys the mixture into the 
bowel. The oxygen and ether are 
rapidly absorbed and there is no 
meteorism as when air is insufflated. 
The anesthetic vapor should be intro- 
duced slowly. When the operation is 
completed, the rectal tul)e shouhl be 
disconnected atid as much as possilde 
of the ether expelled with the aid of 
abdominal massage. Rectal narcosis 
has some contraindications — bad or 
doubtful conditions of the intestine, 
acute or chronic affections of the 
abdomen, operations upon the perineum 
or genital organs. 1t is not superior to 
the other methods in operations on the 
extremities, but does offer advantages 
in operations on the face, neck, 
mouth, and upon the thorax. It is a 
method to be used only except icmally. 
Legueu, Morel and Verliac (Arch. gen. 
de chir., July 25, 1909). 

Description of an apparatus for rectal 
anesthesia consisting of an outer jar 
(a galvanic cell) containing an ether 
bottle, the intervening space being filled 
with water at 90® F. (32.2® C'.). 
Through the rubber cork is passed a 
long glass tube connecting with an 
ordinary cautery bulb, while a second 
perforation in the cork is occupied by 
a short tube providing for the exit of 
ether vapor. Between the bottle and 
the rectal tube is introduced a T-tube 
for the rapid relief of tension within 
the bowel or the attachment of an 
oxygen supply, Eberts (Montreal Med. 
Jour., Feb., 1910). 

The colonic method of administering 
ether is more complex than the pul- 
monary method in general and requires 
from the anesthetist a brcjader appre- 
ciation of the physiological factors in- 
volved. It is a valuable addition to the 
armamentarium of the trained anesthe- 
ti.st. The indications are: Operations 
on or about the respiratory tract, 
especially such as lay open the mouth, 
larynx, pharynx, and trachea; when 
ether absorption must be minimized 
on account of lung, heart or kidney 
lesions ; respiratory embarrassment. 
The contraindications are lesions of 
the alimentary tract, especially such as 


might cause weakness of the wall of 
the colon; laparotomies in general, ex- 
cept such as do not open the general 
peritoneal cavity, c.g., suprapubic cys- 
tostoniy; markedly incompetent sphinc- 
ter or large, complete fistula in ano; 
orthopnea ; emergency cases in general, 
because of the lack of preparation of 
the colon. Sutton (Annals of Surg., 
April, 1910). 

LOCAL ANESTHESIA WITH 
ETHER.— Local anesthesia may be 
obtained by means of a spray of 
ether, which, through its rapid evap- 
oration, causes intense cold and 
deadens sensation locally. This is a 
useful procedure for minor surgical 
operations, especially for the opening 
of abscesses. 

While the more rapidly acting 
ethyl cldoridc is now used far more 
frequently than ether, it is a fact that 
the induction of local anesthesia with 
the former often causes much pain 
through the ra^iid freezing* of the tis- 
sues induced. The slower action of 
ether renders it sii])crior to ethyl 
chloride in this single respect, viz., 
a])sencc of sharj) jircliminary pain. 

OTHER USES OF ETHER.— As 
a stimulant in emergencies, c.g,, in 
shock and in collapse in chronic 
heart disease or in acute infectious 
diseases, ether is jiossessed of marked 
value. FTy])()dermic administration 
of 10 to 15 minims (0.6 to 1 c.c.) — or 
more in strong adults — is not infre- 
quently followed by prompt reaction. 
Onc-half to 1 dram (2 to 4 c.c.) of 
1 folTmaiFs anodyne may instead be 
given, either ])y mouth or hypoder- 
mically. The effect of ether on the 
heart and medulla is only of short 
duration, and sliould be supported 
with other stimulants. Its injection 
causes pain, and at least a part of the 
stimulating effect must be ascribed to 
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the sensory impulses conveyed to the 
centers from the irritated periphery. 

Ether by inhalation found to he a 
good antidote of cocaine and stovaine 
poisoning. Engsladt (Jour. Aincr. 
Med. Assoc., March IQ, 1910). 

Ether, whether as a vapor or liquid, 
has a bactericidal action. Vincent’s 
typhoid vaccine is sterilized by ether 
instead of by heat. It never fails to 
sterilize albuminous culture media. 
It is therefore valuable in septic 
wounds, abscesses and sinuses, peri- 
toneal infections, pleuritic infections, 
and joint cavity infections. J. Saliba 
(N. Y. Med. Jour., July 8, 1917). 

The writer tested the bactericidal 
power of ether vapors on the strepto- 
coccus, staphylococcus, and colon 
bacillus. The germs were killed in 
about the same time as by 1 or 2 per 
cent. t)henol— 10 to 20 minutes. Philipp 
(Munch, med. Woch., July 28, 1922). 

As a Carminative ether may with 
advantage be used internally in dis- 
orders attended with flatulence and 
distention, in order to stiiinilate the 
muscles of the alimentary tract and 
assist in the expulsion of gas. Relief 
from colicky pains may simultane- 
ously or independently be secured. 
The drug may be given either in the 
form of Hoffmann’s anodyne (s])iritiis 
ietheris conipositus), in doses of Yz 
to 2 drams (2 to 8 c.c.), or, less 
pleasantly, in the simple spirits of 
ether, the d(jse of wliich is the same. 
Ether is also occasionally given as 
such, in doses of 15 or (X) minims (1 
to 4 C.C.), either in ice- water or 
cracked ice, on a piece of sugar, or in 
capsules. It forms a clear solution 
with 10 parts of water. 

As an ‘‘Antispasmodic” ether is 
sometimes useful in disorders in 
which some part or other of the 
nervous system is overexcited, cjj., 
in hiccough, asthma and other spas- 
modic neuroses, in chorea, in hysteria, 


and e\cn in migraine. Thirty to 80 
minims (2 to 5 c.c.) of ether in ice- 
cold water or in capsules, followed 
by a mouthful of water, are not in- 
frecjuently ])roniptly effective. HotT- 
manu’s anodyne is often substituted 
for the pure ether. 

W. \V. Rabcock administers the 
folbjwing combination by rectum 
when inducing mixed drug anesthesia 
(with morphine, scoj)olainine and 
apomorphine ) : — 

R Com pound spirit of 


ether ll (30 c.c.). 

Ahohol (15 ‘^•c*). 


Normal sahne solu- 
tion, to make 5v (150 c.c.).— M. 

To be slowly run into tlie bowel 
after the second injection of Vi 
(0.01 Gni.) of nior]>liine and Yioo 
grain (O.OOOO Gni.) of scopolamine. 

C. E. deM. Sajous 

AN'l) 

L. T. deM. Sajous, 

Pluhidclphia. 

ETHYL AMINOBENZOATE 

is the elliyl ester of paraiiiinobeiizoic acid. 
It is an odorless, tasteless, white, crystal- 
line powder, very slightly soluble in water, 
but soluble in alcohol, ether, ben/ene, and 
fatty oils. It is deconipo.sed by boiling or 
by the action of dilute alkalies. I be drug, 
also known as hcn.Tocainc or ancsthesin, be- 
came official ill L S. P. X (1920). 

PREPARATIONS AND DOSE.— 
Ethyl aniinobeiizoate (Aiiliylis aminobenzoas, 
U. S. J’.) may be used as a dusting powder, 
in ointment or in suppositories. Intern- 
ally it may be given in the dose of 5 to 
8 grains (0.3 to 0.5 Gin.). 

PHYSIOLOGICAL ACTION.— This 
drug is a local anesthetic, similar in its 
action to orthoform, and used as a substi- 
tute for cocaine. It is said to be as effi- 
cient as orlhoforni, but free from an irri- 
tant or toxic action. Being practically in- 
soluble, it cannot be given hypodermically, 
and its anesthetic action is purely local, 
but more prolonged than that of cocaine. 
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THERAPEUTICS. — Locally, ethyl amino- 
benzoate may be applied as an anesthetic in 
nasal and laryngeal diseases. It is also said 
to be of value in urethritis. It may also be 
used locally in wounds, burns, ulcers, and 
painful skin diseases. Internally it has been 
given for the relief of pain in various forms 
of gastralgia, and in gastric ulcer and carci- 
noma. 11. 

ETHYL BROMIDE (atUyiis bronii- 

dum ). — Ethyl bromide, or hydrobromic ether, 
is an anesthetic prepared by combining bro- 
mine with alcohol in the presence of phos- 
phorus. It was discovered by Serullas, a 
J^'rench chemist, early in this century. Tl is 
an extremely volatile and colorless liquid, 
sweetish to the taste, and possessing an 
alliaceous odor. It is insoluble in water, 
but readily soluble in alcohol and ether. It 
presents the advantage over ether in not 
being inflammable. It is decomposed by 
sunlight and contact with the air. 

Ethyl bromide is quickly eliminated from 
the system, and its after-effects arc slight. 
Another jireparatioii — ethylene bromide — is 
frequently dispensed instead of the bromide 
of ethyl ; it causes nausea when inhaled, and 
in no way possesses the (jualities of fhe latter. 
Ethyl bromide is, however, quite fre- 
quently found impure in the shops, and to 
this cause are due many of the untoward 
results met with. 

PREPARATIONS AND DOSE.— Bro- 
mide of ethyl cannot be used for prolonged 
operations, owing to its high volatility. The 
dose, which varies with the age of the pa- 
tient, should not exceed 6 drams (24 c.c.), 
45 minims to 3 fluidrams (3-12 c.c.) being 
sufficient to induce anesthesia, b'or children, 
the dose should not exceed 16 minims (1 c.c.) 
per year of age. It should be administered 
rapidly with little or no air. The adminis- 
tration of bromide of ethyl should not be 
prolonged beyond two minutes. 

The operation may usually be begun 
twenty seconds after the first inhalation. 

PHYSIOLOGICAL ACTION AND 
UNTOWARD EFFECTS.— The domi- 
nant action of bromide of ethyl is said to 
be on the respiratory system, acting as a 
depressant, but only when given in excessive 
doses does it cause dangerous symptoms. It 
also lowers blood-pressure to a slight degree 
and slows the pulse, the latter being due to 


its action on the inhibitory nervous mechan- 
ism of the heart. 

This drug frequently leaves a garlic-like 
taste in the mouth and gives a similar odor 
to the breath, but it rarely produces other 
disagreeable symptoms. 

It causes death by arresting the heart’s 
action, and the cases should be watched as if 
chloroform were being administered, — respi- 
ration and pulse simultaneously. The pre- 
liminary preparations for its administration 
are the same, and the recumbent position 
obligatory under all circumstances. Arrest 
of the heart may be caused, however, through 
va.soinotor influence originating in an intoxi- 
cation by compounds formed in the system. 

Two cases of ethyl bromide poisoning 
occurring in workmen engaged in the 
making of the drug. The noteworthy 
symptoms were sudden weakness and 
giddiness, along with disturbances of 
vision and dys])nea. With more severe 
poisoning or in more easily affected 
persons, psychic disturbance, possibly 
reaching to frenzy combined with deli- 
rium, occurred, it is remarkable that 
the most violent symptoms did not occur 
till the lapse of some days in the worst 
case. Experiments on rabbits with the 
drug .showed diminution of spontaneity, 
gradual loss of i)ower, then marked slow- 
ing, and, lastly, paralysis of respiration 
with epileptiform convulsions. The 
heart and vessels were affected very late. 
These experiments agreed with observa- 
tions on men, in so far that the poison- 
ing process did not cease with cessation 
of the inhalation, as is the case with 
other gas-forming poisons — e.g., ether, 
chloroform, ethyl bromide — but con- 
tinued to increase in intensity, and the 
animal died several hours after stop- 
page of the administration. jaquet 
(Dent. Archiv f. klin. Med., Rd. Ixxi, 
llftc. 4-5, 1901). 

Rules for the use of ethyl bromide: 
Do not use ethylene bromide. Do not 
use an old or impure solution. Do not 
administer it in repeated and small 
quantities. Give en masse; admit no 
air. Do not continue its administration 
longer than one minute. Another essen- 
tial to success in the use of ethyl 
bromide in these operations is that the 
operator shall be quick in his work, and, 
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ill order that this may be true, a small 
and accurate instrument must he used. 
A. R. Solenberju^cr (Jour. Amer. Med. 
Assoc., April 18, lfX)3). 

Deaths from the use of the bromide of 
ethyl appear to have occurred chielly some 
years ago before the sources of danger were 
understood. No death has been reported 
since 1897. The rapid anesthesia produced 
by bromide of ethyl, its short duration, the 
quick return to consciousness, and the ab- 
sence of unpleasant effects are very striking. 

The majority of the deaths reported 
have been due either to excessive <lose or to 
impurity. It should be administered by 
means of a mask covered with mijiermeable 
cloth, so as to exclude the air. Unsuitable 
persons are young children and those suffer- 
ing from anemia, Hright’s disease, fatty de- 
generation, and alcoholism. Vomiting occa- 
sionally occurs. 

One drawback of bromide of ethyl anes- 
thesia is that the muscles do not usually be- 
come relaxed. In mouth ojierations a gag 
should be inserted before the operation is 
begun. (Iluggard.) 

THERAPEUTICS.— Ethyl bromide is 
best used in short operations, as opening 
abscesses and boils, and may also he used 
in chorea, epilepsy, and other spasmodic 
diseases. 

Montgomery has used ethyl hronu<lc for 
anesthetic purposes in labor, and minor 
gynecological operations. As the drug does 
not cause uterine relaxation, post-partem 
hemorrhage is less likely to occur after its 
use. 

The writer has used ethyl bromide in 
dentistry in 15,032 extractions, and con- 
siders it the best anesthetic to employ 
for these cases. Owing to the sjiastic 
condition which usually develops, the 
patient should be lirnily tied to the chair 
and a suitable molith-gag should he in- 
serted before anesthesia is begun. A 
preliminary examination of the heart is 
often necessary to (piict the patient. 
From 10 to 20 c.c. (160 to 320 minims) 
of the anesthetic arc then poured on a 
folded napkin and placed over the pa- 
tient’s face, so that he can inhale suffi- 
cient air before the narcosis is complete. 
It is not necessary to pay much atten- 
tion to the pulse or corneal reflex, as 
the first signs of too deep anesthesia 
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will he cessation of respiration and 
cyanosis. 

It is important that a pure preparation 
he used and that this ho kept well stop- 
pered. It is often difficult to determine 
the projier moment for operating, hut 
it is usually not neces.sary to wait for 
complete relaxation. 

Among after-effects, vomiting is less 
common than after chloroform, and oc- 
casionally urine and stool are passed. 
The patients recover rapidly, and can 
generally go home withonl assistance. 

The reason why ethyl bromide has 
not hecoine more popular is probably 
hecaiisc impure preparations are often 
employed. Breithach (Merck’s Archives, 
Oct., i910). S. 

ETHYL CARBAMATE. See 

Uketiiank. 

ETHYL CHLORIDE.- Chloride 
of ethyl (monochlorethanc) is a ^as 
at ordinary temperatures, l)iit which, 
when compresr^ed, becomes a colorless, 
very inflammalile licjuid, boiling* at 
54.5° 1C (125° C.). When ig;*nitcd it 
burns with a ,grcen flame. It has an 
aromatic, sweet taste and an ethereal 
odor. It is excecding;ly volatile, 
which latter properly renders it unfit 
for anything^ hut ephemeral anes- 
thesia. I'his ])roperty causes it to 
evaporate so rapidly from the skin 
when applied locally in the form of 
spray that the cutaneous temperature 
is lowered sufficiently to become in- 
sensitive. Hence its employment as 
a local anesthetic. 

DOSE AND PHYSIOLOGICAL 
ACTION.— h\)r internal use it has 
been given in doses of 10 to 60 drops 
dissolved in an equal quantity of 
alcohol. Accordingly 5 c.c. (75 min- 
ims) should never he exceeded. 
When thus taken it has a stimulating 
action. When ethyl chloride is in- 
haled its chief efifect appears upon 
the circulation and respiration, there 
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being a marked lowering of the pulse 
rate and the blood^pressure ; the res- 
pirations are at lirst increased in 
depth and frequency. Its action re- 
sembles that of chloroform. Large 
doses cause cessation of cardiac and 
respiratory movements. 

Sprayed' on skin or mucous mem- 
brane, it causes them to become 
white, cold, and insensitive by the 
process explained above. 

After an experience of 620 cases, 
the writer has satisfied himself that 
arterial tension, as a rule, is lowered 
during the administration of ethyl 
chloride, but that the pulse during 
deep narcosis liecomes rather slower 
than normal and usually preserves its 
regularity. Resi)iration is markedly 
stimulated both in frequency and 
depth during deep anesthesia; the 
color is improved, due to vasomotor 
dilatation, which sometimes results 
in sweating and in one instance gave 
rise to a well-marked rash, like the 
ordinary ether rash. Adults as well 
as children take ethyl chloride very 
well and quietly, and very quickly 
pass under its influence. Any trouble 
during induction usually occurs with 
hysterical people, drinkers, smokers, 
and strong men. When excitement 
takes place, it is due to the too free 
admission of air, and yet at the same 
time a free use of air should be al- 
lowed. I’ailure of the anesthetic is 
abso traceable to the too free ming- 
ling of air with the vapor. McCardie 
(Lancet, April 4, 1903). 

In the open method of ethyl chlo- 
ride administration the drug enters 
the system gradually and with free 
admixture of air; the shock given is 
more in the nature of a gentle push 
into unconsciousness as against the 
more violent and rapid rush into a 
state of insensibility in the closed 
method. With the open method there 
is no feeling of suffocation or de- 
sire to fight for air. It has been 
noticeable that there is very seldom 
any headache or feeling of great full- 


ness in the head after the open 
method, both of which conditions 
are common after the closed. Ethyl 
chloride is very rapidly eliminated 
from the system, so that a few min- 
utes after the completion of the op- 
eration the patient is quite fit to go 
home, a great advantage from the 
patient’s standpoint as against ether 
or chloroform. Vomiting is rare un- 
less the patient has swallowed some 
blood, in which case it will be 
brought up, but the nausea soon 
passes away. The writer does not 
recommend ethyl chloride for cases of 
more than five or ten minutes’ dura- 
tion. Hornabrook (Austral. Med. 
Gaz., Nov. 20, 1911). 

The writers find ethyl chloride 
anesthesia valuable even in opera- 
tions of 45 minutes’ duration. It is 
useful in military surgery because of 
the saving of time. There is seldom 
vomiting, and if any, it is very mild. 
It is valuable in shock, feeble pulse, 
etc. They have used it in 200 of 7(X) 
cases operated upon. Several cubic 
centimeters arc given at first to ob- 
tain complete anesthesia; after that 
about 0.5 c.c. (8 minims) every 3 or 
4 minutes. The 3 or 4 respirations 
of pure air when the mask is raised 
to give the ethyl chloride are gen- 
erally sufficient to prevent asphyxia. 
Relaxation of the muscles is not so 
complete as with ether or chloroform. 
Carles and Charrier (Progres med., 
xlii, 478, 1915). 

POISONING BY ETHYL 
CHLORIDE. — Ethyl chloride in- 
haled in toxic duscs produces poison- 
ous effects similar to those of chloro- 
form, but it is ' less of a cardiac 
depressant. Death results from 
paralysis of the respiratory centers 
and the heart. According to H. C. 
Wood, Jr., the statistics seem to in- 
dicate that, as regards mortality 
results, ethyl chloride stands between 
ether and chloroform, but this con- 
clusion he regards as unfair. The 
anesthesias by ethyl chloride have 
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practically been all of but a few min- 
utes' duration, and the prolonged 
anesthesias, which have to hQ credited 
with many of the fatalities of chloro- 
form and ether, do not here come 
into consideration. The comparison 
should be rather with nitrous oxide 
gas. If we compare a commonly 
accepted mortality for nitrous oxide, 

1 death in 1,000,000 anesthesias, with 
the figures for ethyl chloride, 1 in 
6000, the danger of the latter is 
evident, as shown by many instances. 

Ethyl chloride as a general anes- 
thetic stands, as regards its mortality, 
next to chloroform, giving 1 death in 
2075; ethyl chloride, 1 death in 2550. 
In the writer’s fatal case, the patient, 
a large and muscular man, became 
suddenly very much evanosed; res- 
piration gradually ceased, though the 
pulse was still perceptible at the wrist, 
and in spite of restoratives death oc- 
curred. At the /’O.S7 mortem, eccentric 
hypertrophy of the heart, with fatty 
degeneration of the heart muscle, 
marked arterial sclerosis of the coron- 
ary arteries, and slight sclercxsis of the 
aorta were found. Also, the heJirt and 
veins were filled with fluid blood, and 
there was edema of the lungs. Loth- 
eissen (Mimch. med. Woch., May 1, 
1900). 

The writer collected from the 
literature 22 cases of death under 
anesthetizatiiui with ethyl chloride. 
Some of the cases were very bad sub- 
jects for any anesthetic. No less than 
8 occuT’red during dental operations. 
Ethyl chloride is not a drug to be 
recommended off-hand, but requires, 
for its safe administration, discrimi- 
nation, caution, and skill. In dental 
work it should not be given alone, 
but either in mixture with nitrous 
oxide in small doses for short ca.scs, 
or in sequence with ether for longer 
cases. Luke (Lancet, May 5, 1906). 

In 104 cases of ethyl chloride anes- 
thesia, the duration of the anesthesia 
varied from one minute^ lo fifty-five 
minutes, which time was that of a 


hemorrhoid case. In those cases in 
which deep anesthesia was induced, 
nausea was as prevalent as would 
have been the case with chk»rc)form. 
When it was given only to the pri- 
mary stages, as for most operations, 
there was none or at most but little. 
Of these patients 15 were babies, sev- 
eral of the operatimis being circum- 
cisions of from ten to twenty min- 
utes’ duration; 35 patients were chil- 
dren, 50 were adults, and 4 were 
quite aged. The only alarming re- 
sults enctnmtered were in 1 case, that 
of an old man with pronounced arte- 
riosclerosis and subject lo asthmatic 
attacks. He showed a marked cyano- 
sis with unconsciousness for about 
one-half lu>ur, which cleared up 
under a hypodermic injection of V 75 
gr. (0.0009 (ini.) of atropine sulphate. 
Manwaring (Jour. Mich. State Med. 
Soc., Nov., 1906). 

Case in which when surgical anes- 
thesia w^as obtained there were 
clonic spasms of the legs and arms; 
respiration ceased, and the muscles 
of the jaws and neck were set in 
clonic spasm; cyanosis was marked; 
the eyes were fixed and staring, 
but the pupils remained contracted. 
Vigorous attempts ti> restore respira- 
tion were successful after there had 
been an actual suspension of respira- 
tion for about three minutes. Rugh 
(N. Y. Med. Jour., vol. Ixxxvi, p. 262, 
1907). 

Ethyl chloride was used alone in 
947 cases, with ether in 4148, and with 
various other anesthetics in another 
series of cases. The youngest patient 
was 24 hours old, the oldest 84 years 
old. The fatalities were 5, all of 
them occurring when ethyl chloride 
was used alone. The fact that the 
ethyl chh^ridc was given first and in 
all the cases in which the patients 
were considered bad anesthetic risks 
distorts the .statistics. Three deaths 
occurred under ether during its ad- 
ministration alone in 1444 cases. The 
facts that ethyl chloride can produce 
deep anesthesia in from fifteen to 
twenty seconds, and that its danger 
signs are so easily overlooked, are 
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emphasized. In alcoholics and some 
others it produces muscular spasm 
and rigidity. W. E. Lee (Annals of 
Surg., Nov., 1908). 

Case of collapse under ethyl chlo- 
ride general anesthesia in a boy of 7 
years. The collapse occurred during 
removal of adenoid vegetations, with 
enlarged tonsils, and came on in half 
a minute. There was considerable 
hemorrhage, l)ut the child was re- 
vived by artiRcial respiration. Niel- 
sen (Ugeskrift f. Larger, April 11, 
1912). 

The dangers of this anesthesia are 
of two kinds, to wit: (a) Excitation. 
This is due to too large initial doses 
of the drug. When it occurs the nar- 
cosis should be stopped and then 
recommenced, the anesthetic being 
administered progressively. (/>) Deep 
narcosis is responsible for the great 
majority of fatal accidents. The 
writer prefers to continue the nar- 
cosis with ether, but generally begins 
with ethyl chloride. D. Kulenkampf 
(Deut. med. Woch., Oct. 18, 1917). 

There are 2 'types of symptoms of 
ethyl chloride over-dosage. The first 
or spasm type is seen in about 9 out 
of 10 instances, and is first indicated 
by a sardonic grin, the inspirations 
becoming crowing, and if the drug is 
continued, complete respiratory ob- 
struction results. Cyanosis does not 
occur because the onset of spasm is 
so sudden. The systolic blood-pres- 
sure rises, as a rule. In treating these 
cases the mouth must be pried open, 
the tongue pulled out, and vigorous 
chest compression begun. The rapidity 
of elimination of the drug favors re- 
suscitation. In the second or depressed 
respiration type the picture is that of col- 
lapse, with pupils widely dilated, ashen 
color, and feeble breathing. The pulse 
is slow, but of good quality and regu- 
lar. Two or 3 forcible manual com- 
pressions of the chest bring about re- 
covery, eliminating the excess of the 
drug. Guedel (Amer. Jour, of Surg., 
Jan., 1922). 

Treatment of Poisoning by Ethyl 
Chloride. — When poisoning has been 


induced by the inhalation of ethyl 
chloride, the tongue should be drawn 
forward, and caffeine, strychnine, or 
atropine given by hypodermic injec- 
tion. Artificial respiration should be 
used faithfully, the head being low- 
ered as in chloroform syncope. Amyl 
nitrite, ammonia, and warmth are 
also useful. 

Case of a healthy young man in 
whom 40 drops were followed by sud- 
den cyanosis and cardiac failure in 
spite of artificial respiration, oxygen 
insufflation, injections of pituglandol 
and adrenalin into the right ventricle, 
and direct cardiac massage. In this 
case the autopsy showed a persistent 
thymus. Hofmann (Munch, med. 
Woch., Feb. 3, 1922). 

Sajous advises that vasodilators, 
such as amyl nitrite and nitroglycerin, 
be used in the early spasm period 
and the stimulants and vaso-constric- 
tors, such as strychnine, caffeine, etc. 
in the depression or cardiac, vascular 
and respiratory failure period. 

Ethyl chloride should l)e used only 
for minor or short operations such as 
removing tonsils, adenoids, opening 
abscesses thoroughly, removing toe- 
nails, scraping sinuses, and other 
small operations requiring one minute 
to a minute and a half. 

Ethyl chloride is the best anes- 
thetic known for single-dose cases — 
those in which anesthesia is induced, 
the mask removed, and the opera- 
tion performed without further ad- 
ministration. While its effects are 
transient, it is a powerful anesthetic 
and should be carefully administered, 
and the patient properly prepared. 

While for an adult of the ordinary 
type, nitrous oxide is the best, for 
certain operations on the eye, mouth, 
and nose which cannot be satisfac- 
torily performed under non-contin- 
uous gas anesthesia, ethyl chloride 
either alone or combined with nitrous 
oxide gas has proved a valuable meas- 
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tire* For single>dose cases in adults, 
except in case of big, muscular men, 
the writer prefers the nitrous oxide 
and ethyl chloride mixture. K(iually 
as good results can be obtained with 
smaller doses of ethyl chloride as 
when the drug is administered by it- 
self. J. H. Chaldecott (Clinical Jour., 
Aug. 1, 1906). 

Ethyl chloride in operations on the 
throat in children is very satisfac- 
tory. It does not require to be given 
to deep anesthesia, and the child is 
soon able to arouse sufficiently to 
cough all material out of the throat 
and larynx. The author has per- 
formed over 1000 operations on the 
throat in children. E. M. Sill (Med. 
Record, Oct. 23, 1909). 

In such operations as circumcision, 
rib resection, removal of finger or toe 
nails, extraction of teeth, opening ab- 
scesses, and the removal of tonsils and 
adenoids, ethyl chloride general anes- 
thesia is of great value. The after- 
effects arc generally mild; sometimes 
there is headache, and in about 1 out 
of 7 cases vomiting occurs. W. E. Lee 
has reported 5575 cases with 5 deaths, 
all of which were bad risks, Webster 
(Amer. Jour, of Surg., Jan,, 1922). 

The most striking- feature of ethyl 
chloride is the rai)idity of its action. 
The patient is unconscious usually in 
forty-five seconds, and it is a mistake 
to keep the inhaler on longer than 
fifty to sixty seconds. It is possible 
to amputate a finger or toe during 
one administration of ethyl chloride. 
The stitches, however, may have to 
be deferred until the patient has re- 
covered his senses (Lytton Maitland). 

When administered carefully and 
for short periods only, it is appar- 
ently free from danger. It is not 
suitable for the reduction of fractures 
and dislocations on account of failure 
in producing thorough muscular re- 
laxation. Its usefulness deserves 
wider recognition among members of 
the profession. Hagler ^nd Bowen 
(Surg. Gynec. and Obstet., Mar, 1918). 


Local Anesthesia. — Ethyl chloride 
is usually dispensed in large tubes, 
one end of which is drawn out to a 
fine point, or in tubes closed by an 
automatic cap. When the former are 
used, the point is broken off, and the 
tube held in the hand, at a distance 
of from six to ten inches from the 
part to be ane.sthetized. The heat of 
the hand causes the liquefied gas to 
is.sue in spray-form. By its rapid 
vaporization the part soon becomes 
frozen and ready for operation. As 
the skin hardens under the ethyl 
chloride the exact limits of the opera- 
tion must be determined beforehand. 
The highly inflammable nature of 
this agent mu.st be remembered, and* 
operations must be done at a good 
distance from gas and other flames 
or by electric light. The absence of 
unpleasant after-effects and of any 
influence on the sensory centers of 
the brain are its advantages over 
some other agents used for local 
anesthesia. It is used in the treat- 
ment of ingrowing toe-nails, the 
opening of abscesses, removal of 
ganglia, or for any ])ainful skin inci- 
sion. If the liquid is ignited as it 
issues from the broken tip, the flame 
thus produced may be used to cau- 
terize se])tic or ase])tic wounds or for 
cutaneous cauterization. 

Neuralgia. — Ethyl chloride in spray 
has been used with success in supra- 
orbital and facial neuralgia, sciatica, 
neuralgia of the breast, upon the pain- 
ful joints of incipient gout, scrotal 
pruritus (diabetic), and in migraine. 
From 2)4 to 5 drams (10 to 20 c.c.) 
may be used as a spray at one sitting, 
the lesser quantity usually being 
sufficient. 

C. Sumner Witherstine, 
Philadelphia. 
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ETHYLENE. 


ETHYLHYDROCUPREINE 
or OPTOCHIN, introduced in 1913, 

is a valuable aid in pneumococcal infec- 
tions of the eye, according' to William 
Zentmayer (N. Y. Med. Jour., Feb. 24, 
1917). It often acts as a specific in pneu- 
mococcal ulcers/ of the cornea, especially 
if the treatment is begun before active tis- 
sue destruction. The evidence as to its 
value in corneal and conjunctival diseases 
due to other organisms is as yet insuffi- 
cient. J. S. Wyler (Lancet-Clinic, Dec. 25, 
1915) found that, as mentioned by Gnmert, 
it is of value in acute and mild subacute 
infections of the lachrymal sac. In 2 
cases with long standing itching and red- 
ness of the eye, the writer olitaincd ana- 
logous results. In the first, much stringy 
mucus was being secreted, epinephrine and 
novocaine alone bringing but temporary 
relief. Instillation of 1 per cent, ethylhy- 
drocupreine solution, every 2 hours, 
brought absolute and persistent comfort. 
In 3 cases of trachoma improvement took 
place under a 2 per cent, solution. 

Pneumococci found in 5 per cent, of 
normal eyes at all ages, with 11 per 
cent, in the elderly. Vaccine and sero- 
therapy having proved disappointing, 
our main reliance is on ethylhydro- 
cupreine in superficial ulcus serpens 
and to ward off postoperative infection, 
painting the ulcer cautiously with a 2 
per cent, solution about 3 times a day. 
With beginning infiltration, the strength 
is increased to 5 per cent., but this may 
entail iritis if kept up too long. Lnnd.s- 
gaard (Hospitalstidendc, June 11, 1925). 

Internal Use. — One of the chief disad- 
vantages of ethylhydrocupreine is its toxic 
side action. G. H. Oliver (Frit. Med. 
Jour., Apr. 22', 1916) had a patient who re- 
ceived a total of 120 grains (8 Gni.) of the 
drug in 5-grain (0.3 Gm.) doses at 3-hour 
intervals, with resulting blindness amount- 
ing to bare perception of light. Schiotz 
(Norsk Mag. f. Laegevid., June, 1917) also 
reported a case of transient blindness in a 
sailor of 48 after optochin given for pneu- 
monia. Vision was considerably reduced, 
but not enough to incapacitate him. He 
became color-blind and the visual field 
much restricted and papilla grayish. There 
was also considerable hemeralopia. 


ETHYLENE.— Kthylenc is a gas hav- 
ing the chemical formula CH 2 : CH 2 and con- 
tained in illuminating gas to the extent 
of about 4 per cent. It is generally pre- 
pared from alcohol by dehydration. It has 
been found by Luckhardt and J. B. Carter 
(Jour. Amcr. Med. Assoc., Mar. 17, 1923) 
to possess decided anesthetic properties, 
with a freedom from side effects which 
renders it in certain respects superior to 
nitrous oxide. Various animals were an- 
esthetized with a 90 per cent, ethylene mix- 
ture with oxygen in ]/2 the time required 
for anesthesia with a like nitrous oxide 
mixture. A dog was anesthetized for 45 
minutes 15 times in 3 weeks without un- 
toward symi)toms. Observations in man 
showed that deep surgical anesthesia can he 
rapidly induced without any sense of 
asphyxia; in fact, with a sense of well-being 
and comfort. Analgesia comes on long be- 
fore surgical anesthesia. No cyanosis was 
ever observed. Some excitement, especially 
laughter, at times preceded or followed 
ane.sthcsia. Recovery was always rapid, 
■with but slight and transient after-effects. 
AnCwSthcsia may be maintained in the ab- 
sence of dyspnea, asphyxia, or effects on 
blood-pressure, and with complete muscu- 
lar relaxation. It may l)e used in obstetrics, 
complete analgesia being possible with 80 
per cent, of ethylene. Its use seems feasi- 
ble where nitrous oxide is contraindicated, 
as in children, diabetics, old age, advanced 
arteriosclerosis, high cerebral pressure, brain 
operations, and major operations in general. 

According to J. S. Lundy (Jour. Amcr. 
Med. Assoc., Aug. 2, 1924) poor risk pa- 
tients relax satisfactorily, as a rule, with a 
mixture of 75 per cent, ethylene and 25 per 
cent, oxygen, and in them the optimal re- 
sult is obtained. Aurelius (Minn. Med., 
Aug., 1924) reported on 300 cases, of which 
194 were major surgical procedures. The 
age limits ranged from 2 months to 77 
years, and for both extremes ethylene seemed 
an ideal anesthetic by reason of the case 
and rapidity of induction, the quiet, undis- 
turbed respiration, regular pulse, and ab- 
sence of postoperative shock, lung involve- 
ment or severe vomiting. The average dura- 
tion of anesthesia was 43 minutes, with 7 cases 
consuming over 2 hours. In 40 cases ether 
was used at some time, either to aid re- 
laxation or during induction in excitable 
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subjects. ^ In most cases relaxation was chloride solution (1:1000) is added; 100 

very satisfactory, being definitely more c.c. (3% ounces) of the resulting liquid 
complete than with nitrous oxide. General contain 3 grains (0.2 Gin.) of B-eucaine 
convalescence was rapid and uneventful, and and 0.015 grains (0.0000 Gin.) of adrenalin 

gas pains caused little complaint. The gas chloride. The whole 100 c.c. (3% ounces) 

is less costly than nitrous oxide. It entails may be used at one infiltration anesthesia, 

very little risk in pulmonary conditions. but according to Barker from 50 to 60 c.c. 

The disadvanta(]cs of ethylene are enumer- (It-j to 2 ounces) usually suffices, even in 

ated by Moots (U. S. Naval Med. Bull., Apr., operations as for hernia and castration. 

1924) as follows : 1. It is inflammable and Eucainc laciaic is much more soluble than 
should not be used with a cautery or electric the liydrochlbridc and is employed when 
spark in the same room. 2. The odor is strong solutions (5 to 20 per cent.) are 
garlic-like and unpleasant, but not pungent required. When local ischemia is desired 
or irrespirable as ether is in such concen- epineplirin (1:1()()()) is added, 
trations. 3. Rcspiro-cardiovascular depres- PHYSIOLOGICAL ACTION. — The 
sion is greater than in gas-oxygen, but less manner in which eucaine hydrochloride 

than wdth ether. The writer, however, produces anesthesia is not clearly estab- 
fully recognizes the advantages of ethylene: lished. It docs not cause constriction of 
1. Relaxation; 2, rapid action; 3, infrequency the arterioles as does cocaine, but para- 

of nausea, and 4, easy administration. S. lyzes the sensory terminals without caus- 

ing irritation or injury to the tissues. 

EUCAINE HYDROCHLORIDE Internally, eucaine hydrochloride was 
(beta-eucaine hydrochloride) is a synthetic found by Ver Kecke to act as follows: 
substance approximating cocaine as to its In the frog it determines successively 
chemical formula. It is termed beta- or excitation, convulsions, and paralysis. The 
B- eucaine to distinguish it from alpha- return to the nortn is accompanied by 
eucaine, an earlier but less valuable sub- convulsions, and later by hyperexcitability, 
stance proposed by the originator of both, The fatal dose is 0.16 Gni. (2>^ grains) per 
Vinci. The free base of beta-eucaine is kilogram (2If, pounds). In the warm- 
nearly insoluble in water, but the hydro- blooded animals it produces excitation, 
chloride, which is official as Eucaitur hydro- which is followed by convulsions and, 
chloridum, U. S. P., is soluble. finally, death from asjihyxia. There is no 

PREPARATIONS AND DOSE. — paralyzant dose. The fatal dose in the 
Eucaine hydrochloride is employed in lieu of guinea-pig is from 0.049 to 0.052 Grn. 
cocaine to produce local anesthesia. The to % grain) per kilogram (2Vf, pounds), 
strength of the solution to be used de- There is no cumulative action of the 
pends upon the locality to which it is ap- poi.son; on the contrary, the organism may 
plied. A 2 per cent, solution is strong accustom itself to increasing doses of the 
enough to produce anesthesia of the eye, drug. Cocaine has twice the toxic action 

while a 5 to 10 per cent, solution is re- which is possessed by eucaine. Eucaine 

quired for mucous membranes. Stronger hydrochloride acts on the heart principally 

solutions can be used, however, without by paralyzing the intracardiac motor cen- 
fear of producing toxic phenomena. It ter and secondarily it alters the muscular 
forms a permanent Sy'j per cent, solution fiber of the heart. It lowers the blood- 
in water, and can be boiled without change. pressure by diminishing the peripheral re- 

Eucaine hydrochloride is also used in sistance. It directly stimulates the re- 
infiltration anesthesia. The procedure is as spiratory center in the medulla. The 
follows: Powders are kept in stock in the paralysis of this center which occurs in 
operating room containing 0.02 Gm. (3 fatal poisoning is not the result of the di- 
grains) of beta-eucaine and 0.8 Gm. (12 rect action of the poison, but is due to 

grains) of pure sodium chloride. At the asphyxia, which in its turn is caused by an 

time of the operation one such powder is excess of carbon dioxide in the blood, 
dissolved in 100 c.c. (3% ounces) of boil- It increases diuresis, accelerates nitrogen- 
ing distilled water, and when it is cooled ous, phosphorous, and chlorous meta- 
sufficiently 1 cc (15 minims) of adrenalin holism, and produces glycosuria, but only 

4-45 
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during the presence of intense convulsions. 
It does not appear to be eliminated by the 
kidneys; on the other hand, it probably 
undergoes a chemical decomposition in the 
body. Instilled in the conjunctival sac 
eucainc hydrochloride first produces anes- 
thesia of the conjunctiva and, finally, of 
the cornea at the same time that it rapidly 
lowers the intraocular pressure. It re- 
duces the vitality of the red blood-cor- 
puscles and produces fatty degeneration of 
the heart and of the involuntary muscles. 

POISONING BY EUCAINE.-Tntoxi- 
cation by this agent is extremely rare, a great 
advantage over cocaine (q.v.). Kraus (Deut. 
med. Woch., B. xxxii. No. 2, 1906) wit- 
nessed a case in a robust, phlegmatic man 
of 40 years, on whom internal urethrot- 
omy had been performed the day before, 
under local anesthesia with 10 c.c. ( 21/2 
drams) of a 2 per cent, solution of eucaine 
hydrochloride. 

The injection was repeated the next day 
when he came to have the cut stricture 
stretched. Almost at once he felt faint and 
became partly unconscious, with increasing 
dyspnea, distress and chills, while the 
breathing grew shallower and shallower. 
The conditions lasted in all for an hour or 
an hour and a half. The patient was able 
to eat then, but did not sleep much that 
night and found that he was somewhat 
forgetful for a day or so afterward. 
There was no actual collapse. Treatment 
was with wine and camphor, faradization 
of the phrenic nerves in the neck and in- 
halation of oxygen. It was the first time 
that any mishap has been observed from 
the use of beta-eucaine in Lewin’s Uro- 
logic Polyclinic, although it is in daily use 
there. 

Two cases of intoxication from eucaine 
hydrochloride have also been reported by 
Marcinowski. In 1 case the patient had a 
transient syncope, but she was subject to 
fainting. In the other case, after injection 
of 1.5 c.c. (23 minims) of a 10 per cent, 
solution the patient exhibited tonic and 
clonic spasms, which gradually subsided 
after fifteen minutes, but were followed 
by stupor and weakness, the symptoms all 
passing away by the end of six hours. 
Dolbeau reported a similar case after in- 
travenous injection of eucaine hydrochlo- 
ride, and Simon has mentioned transient 


headache and vomiting in a man whose 
bladder had been filled with 80 c.c. (2% 
ounces) of a 4 per cent, solution for a 
Bottini operation. 

Treatment of Eucaine Poisoning. — ^The 
inability of eucaine to produce contraction 
of the peripheral blood-vessels, and the 
physiological effects of its internal use 
tend to suggest that the phenomena of in- 
toxication are due, in oversensitive in- 
dividuals, to paresis of the vasomotor ter- 
minals as well as that of the sensory ter- 
minals. Stimulation is therefore indicated. 
Besides oil of camphor injections, inhala- 
tions of oxygen and faradization of the 
phrenics were employed successfully by 
Kraus. Epinephrin solution (1:1000), 20 
drops in saline solution intravenously, sug- 
gests itself as the most efficient measure, 
owing to the specific stimulative action 
upon the arterioles. 

THERAPEUTICS. — For local use, eu- 
caine lactate is preferable owing to its 
greater solubility and the fact that 
stronger solutions are required than for 
infiltration anesthesia. Harris (Amer, 
Med., Dec., 1905), with a 10 to 15 per cent, 
solution, was able to perform septal and 
other serious nasal operations. To sustain 
the effect he added epinephrin, as shown 
in the following formula: — 

B Eucainc lactate, 0.52 Gni. (8 grains). 
Sodium chloride. 1.40 Gni. (21 grains). 
Distilled water.. 52.00 c.c. (14 drams). 
Adrenalin chlo- 
ride sol 1.00 c.c. (16 minims). 

This was applied on cotton for ten min- 
utes. When a septal or a serious opera- 
tion was to be performed he injected 20 to 
30 minims (1.3 to 2 c.c.) of the solution at 
two or three points in the septal mucosa, 
thus avoiding all pain. 

The writer uses a 12 per cent, solu- 
tion of lactate of beta-eucaine to anes- 
thetize the mucous membrane in nose, 
throat, and ear troubles. It does not 
disturb the circulation or shrink the 
tissues, hence in operations on the 
turbinals the amount of tissue which 
should be removed is easily estimated. 
For turbinotomy he uses a 12 per 
cent, solution on a cotton tampon, which 
is allowed to remain five minutes, and 
is then replaced by a fresh one, whidi 
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remains a similar time. A 5 per cent, 
solution dropped into the conjunctival 
sac causes more smarting than a 4 per 
cent, solution of cocaine, hut there is 
neither hyperemia nor anemia, and 
vision is in no way disturbed. The 
anesthetic effect is equal to that of a 
4 or 5 per cent, cocaine solution. 11. 
B. Ellis (Calif. Med. and Surg. 
Reporter, March, 1905). 

Judging from his experience with 
beta-eucainc which extends over ten 
years, the writer prefers this anesthetic 
because it can he sterilized, does not 
irritate, and invariably produced a most 
complete ane.sthesia and causes less 
toxic manifestations than like agents, 
when used in an equal strength or 
quantity, in fact, when heta-eucainc is 
employed in % per cent, solution in 
anorectal operations, tlv' patient rarely 
complains of pain or dizziness or 
turns pale, becomes excited or faints 
during or following the operation. 
This is partly due to the non-toxic ef- 
fect of the drug, and partly to the fact 
that the solution is very weak and 
escapes during or following operation. 
S. Cl. Gant (Merck’s Archives, Nov., 
1910). 

For infiltration anesthesia eucaine was 
found by Barker and many others tt> 
possess analgesic properties little, if at 
all, inferior to cocaine. One hundred c.c. 
(3% ounces) of a fluid containing 0.2 per 
cent, beta-eiicaine, with epinephriii, can be 
used in an ordinary case if necessary, and 
is quite suflicient for most operation.^. 
Twice as much may be injected without ill 
results. The duration of the insensibility 
is secured by the admixture of epinephriii. 
Without it sensation is only abolished by 
eucaine for about fifteen minutes; with it, 
for three or four hours. But the anal- 
gesia is produced more slowly when epi- 
nephrin is employed. It is therefore well, 
before all larger operations, to wait some 
thirty minutes after injection to allow 
time for the insensibility to become fully 
developed. After this the effect appears 
to deepen for a couple of hours. Waiting 
has another advantage, in that by tbe time 
operation is begun the artificial edema has 
disappeared and details are very clearly 


seen. Rapid injection is to be avoided; 
sudden distention of the tissues is dis- 
agreeable, if not jiainful. Tbe fluid sln^uld 
not be u^ed cold nor too hot, for the same 
reason. All dragging on the parts is to be 
avoided, le.st structiire.s be pulled upon 
which lie beyond the area of infiltration. 

Various authors have failed to sec depress- 
ing effects follow the use of hcta-eucaine 
in a long .scries of operations, including 
abdominal sections, hernia operations, am- 
putations, orchidectomy, removal of cyst 
of thyroid, removal of silver wire from 
around the patella, operations f(»r fistula in 
ano, varicose veins, hydrocele, varicocele, 
etc. 

The area of iiifill ration of tlic skin 
should he made directly in the line of 
the prop()Scd incision and .should be 
long cuoiigb to allr)vv of easy exposure 
of the tissue beneath. When the opera- 
tion is to extend into the deep tissues 
it is best to infiltrate step by step and 
not to atfempl to infiltrate the whole 
tissue at once. Among the operations 
performed under his anesthesia were 
partial thyroidectomies for exoph- 
thalmic goiter; ligation of arteries; 
radical operations for malignant dis- 
ease of the breast; gastrostomies; 
gallstone operations; appendectomies; 
renal decapsulation; nephrectomy; ne- 
phrotomy; hysteropexies; myomec- 
tomies; radical inguinal and umbilical 
herniotomies ; perineal cystotomies, 
operations for hallux valgus. Wither- 
spoon (St. Louis Med. Rev., Mar. 24, 
1906). 

Eucaine has also been used to obtain 
.spinal anesthesia, hut its indications for 
this purpose will he considered under the 
heading of Si’ixal Anksthksia. W. 

EUCALYPTUS. — Eucalyptus 
U. S. P. is the leaves from the older 
parts of the Eucalyptus globulus lab- 
illiardierc. The eucalyptus, or blue- 
gum tree, is a tall, evergreen tree, a 
native of Australia, but now grown 
all over the world. From the leaves 
the oil of eucalyptus is obtained by 
distillation, and from this oil, by re- 
distillation with caustic potash or 
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calcium chloride, a camphoraceous 
body is obtained which is known as 
eiicalyptoL The latter is the refined 
product. 

It was once thoup^ht that, as tlie 
tree grew easily in marshy districts 
and drained the soil of water, it 
would diminish the malaria miasm 
of low, swampy regions, and in that 
way prove a prophylactic against 
malaria. Laveran has shown, how- 
ever, that the organism causing 
malaria troubles is, in all probability, 
taken into the body through the 
media of food and drink, and that the 
planting of the eucalyptus trees does 
not diminish the paludal fevers. The 
prevailing view that mosquitoes are 
the main intermediaries through 
which the infection occurs also tends 
to diminish faith in eucalyptus as a 
prophylactic, though the tree itself 
tend.s to keep these pathogenic insects 
away. 

The leaves have a camphoraceous 
odor and a pungent, bitter taste, and 
yield a volatile essential oil, the oil 
of eucalyptus, which is the active 
principle. Eucalyptus oil is a faint- 
yellow, sometimes colorless liquid, 
having a characteristic aromatic odor 
and a pungent, cooling taste, and 
being soluble in alcohol and in bisul- 
phide of carbon. The value of the 
oil depends upon the amount of 
eucalyptol present. 

Eucalyptol is a colorless liquid, 
with a strong, aromatic, camphora- 
ceous odor; is slightly soluble in 
water, but easily soluble in alcohol, 
ether, and fatty oils. 

By treating oil of eucalyptus with 
hydrochloric acid Anthoire has ob- 
tained a white, micaceous, scaly sub- 
stance, hygroscopic in nature, called 
eucalypteol. It is soluble in alcohol. 


ether, chloroform, and oils, but al- 
most insoluble in water and in glyc- 
erin. It is not poisonous, and is 
tolerated by the stomach. 

PREPARATIONS AND DOSE. 

— Eucalyptus, to 2 drams (2 to 4 

Gm.). 

Fluidcxtractum eucalypti (fluid- 
extract of eucalyptus), 10 minims to 
2 drams (0.6 to 8 cc.). 

Oleum eucalypti (oil of eucalyptus), 
5 to 20 minims (0.3 to 1.25 c.c.). 

Eucalyptol, 1 to 15 minims (0.06 
to 1 C.C.). 

Eucalypteol, 24 grains (1.5 Gm.) 
daily, in divided doses. 

PHYSIOLOGICAL ACTION. 
Applied externally, the oil is a de- 
cided irritant, and causes heat and 
redness of the part, due to dilatation. 
When inhaled it causes an increase 
of the saliva and of the bronchial 
secretion. When taken internally in 
medicinal doses it produces a feeling 
of warmth and stimulation, with in- 
creased secretions, while larger doses 
are productive of disordered diges- 
tion, diarrhea with loose stools hav- 
ing the characteristic odor of the oil, 
and symptoms of renal and cerebral 
congestion. When larger doses are used 
there are noticed a rapid, weak pulse, 
general excitation, and restlessness; 
decrease, of body heat, lower arterial 
pressure, irregular and weak respira- 
tions; muscular weakness, especially 
of the lower limbs; and death from 
respiratory paralysis. The drug is 
eliminated by the bronchial mucous 
membranes, the skin, the kidneys, 
and the bowels. The urine may have 
the odor of violets, as noticed after 
the ingestion of the oil of turpentine. 
The oil of eucalyptus, like most aro- 
matic oils, is an antiseptic and a 
germicide, and in sufficient strength 
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it inhibits the growth of micro- 
organisms in culture media. Euca- 
lyptus is a powerful diuretic. An in- 
creased excretion of urine is said to 
follow its internal use. 

POISONING BY EUCALYPTUS. 
— Toxic doses of eucalyptus give rise 
to the symptoms of gastrointestinal 
irritation, renal and cerebral conges- 
tion, impaired circulation, muscular 
weakness and paralysis, and finally 
death by respiratory failure. Cases 
of poisoning are not frequent. 

Case of poisoning in which between 
2 and 3 teaspoonfuls of oil of euca- 
lyptus had been swallowed. The 
severe stupor, myosis, and hypo- 
thermia which followed suggested 
opium poisoning. Stertorous breath- 
ing, however, was absent. Recovery. 
F. C. Wood (Brit. Med. Jour., Jan. 
27, 19(X)). 

Case of eucalyptus oil poisoning. 
A boy, 6 years of age, who had occa- 
sionally been in the habit of getting a 
drop or two of eucalyptus oil on 
sugar was given by mistake 1 dram. 
Pain and severe vomiting appeared. 
The vomiting continued without ce.s- 
sation of any length with diarrhea. 
The boy became drow.sy. then seini- 
coniatosc. After two or three hours 
of external stimulation, the comatose 
condition appeared to pass off, and 
the child was allowed to sleep. He 
slept well and next morning, beyond 
being a little tired, was quite himself 
again. The breath had a smell of 
eucalyptus oil for three days. There 
was never any irritation of the 
urinary tract. The poison showed 
itself by gastrointestinal irritation 
and cerebral paresis, boggie (Brit. 
Med. Jour., Feb. 18, 1911). 

Eucalyptol poisoning has followed 
both overdoses and small doses of the 
drug; some persons have an idiosyn- 
crasy for it. Two different syndromes 
‘ we're noted in the after effects: First, 
nervous system involvement with col- 
lapse; second, dermatitis, jii the nerv- 
ous type the patient became seriously 


ill shortly after the dose. Vomiting, 
diarrhea, and coma might follow. 
Vomiting should be induced to pre- 
vent further absorption of the poison. 
Skin lesions were often associated 
with the nervous lesions. Several 
fatalities have been reported from 
time to time. A greatly increased use 
of eucalyptol has resulted from its 
employment as a solvent for the 
Hakiii solution, dichloraminc-T. L. 

F. Barker and L. G. Rowntrec (Bull. 
Johns Hopkins Hosp., Oct., 1918). 

Treatment of Poisoning by Eu- 
calyptus. — In mild cases the gastro- 
intestinal symptoms should be ameli- 
orated through the use of morphine, 
bismuth, lime water, etc. In severe 
cases, when the circulation and res- 
piration are profoundly affected, the 
use of caffeine, strychnine, and atro- 
pine by hypodermic injection is ad- 
vised. 

THERAPEUTICS. — Eucalyptus 
has a selective action upon the mu- 
cous membranes, being excreted 
through them. To them it is a stimu- 
lant, antiseptic, germicide, and anti- 
spasmodic, and we find that its most 
beneficial action is exerted, therefore, 
directly upon the gastrointestinal 
tract, the bronchial tubes, and the 
genitourinary tract; indirectly upon 
certain mucous disorders more or less 
dependent upon the integrity of tis- 
sues and function of those organs. 
In general, it is contraindicated in 
acute inflammatory conditions. The 
tincture has been found very useful 
in the treatment of hemorrhages of 
various kinds. 

The writer highly recommends the 
application of the tincture of eucalyptus 
for the arrest of any form of hemor- 
rhage. He mentions 3 cases in 
which all means to stop the persistent 
hemorrhage failed, but the bleeding 
ceased immediately upon the applica- 
tion of the tincture of eucalyptus. One 
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case was that of a boy, who had a 
tooth extracted three days before, and 
had persistent hemorrhage from the 
socket. Another case was that in which 
there was profuse hemorrhage from the 
cut in the patient’s foot, and in the last 
case the hemorrhage followed the ap- 
plication of a leech to the gum. He 
also calls attention to the use of this 
preparation as a dressing on lint after 
circumcision or other minor opera- 
tions. A. Todd-White (Brit. Med. 
Jour., July 11, 1908). 

Gastrointestinal Disorders. — In 
atonic dyspepsia and chronic gastric 
or intestinal catarrh, eucalyptus is 
one of the most u.seful stomachics. 
In convalescence from acute disease 
and in debility from defective assimi- 
lation it is a useful stimulant and 
tonic. In the flatulence, cardiac pal- 
pitation, and hot flashes of the meno- 
pause it is often of permanent benefit. 
It has been found useful in cholera, 
5 minims (0.3 c.c.) being given in 
milk every quarter-liour for one hour, 
then every hour. On account of its 
antiseptic action, eucalyptus oil and 
eucalyptol have been used in typhoid 
fever, being administered in capsules. 

Bronchial Disorders, — In subacute 
and chronic bronchitis eucalyptus 
loosens the secretions, stimulates and 
gives tone to the mucous membrane, 
and exerts, withal, an antiseptic ac- 
tion, especially in cases accompanied 
by free mucopurulent secretion. It 
is also useful in bronchorrhea. Oil 
of eucalyptus, in ointment suitable 
for inunctions, has recently been tried 
in pulmonary tuberculosis. The 
method seems worthy of trial. 

The method of use is to direct that 
1 teaspoonful of the preparation be 
thoroughly rubbed into the skin until it 
disappears, varying the locality with 
each application. The following form- 
ula was employed: — 


Olive oil . . . Sij (60 C.C.). 

Bensoinated lard.. Svj (180 c.c.).. 

Cacao butter Siv (120 Gm.). 

Eucalyptus oil Siiiss (105 c.c.). 

This amount contains 15 minims (1 
c.c.) of eucalyptus oil, the major part 
of which roaches the circulation. In 
many instances the constitutional ef- 
fects have been noted after one appli- 
rati(3n. The most striking early effect 
was a change in the character and 
(juality of the expectoration : having 
been yellow, viscid, and moderate in 
volume, it froths up and becomes 
white, free, easy to expectorate, and 
temporarily more abundant. Then fol- 
lows a reduction in the amount of 
sputum, accompanied as a general rule 
by a continued improvement in the 
cough. 

Coiiicidcntly with these changes, the 
temperature ran a lower and more 
favorable course, the change usually 
beginning within twenty-four hours of 
the first administration. The patient 
generally reports a feeling of well- 
being which is known to be one of the 
characteristic effects of the drug. L. 
(i. Pedigo (Therap. Gaz., March 15, 
1913). 

Genitourinary Disorders. — In 
chronic cystitis, pyelonephritis^ and 
chronic desquamative nephritis eu- 
calyptus has been recommended as 
an efficient remedy. In subacute 
gonorrhea Hare advises 6 minims 
(0.36 c.c.) each of eucalyptus oil and 
sweet-almond oil in a capsule after 
meals. 

Malaria Fevers. — Pmcalyptus has 
been praised as a remedy for inter- 
mittent fever, in the absence of 
quinine or where idio.syncrasy inter- 
dicts its use. It cannot take the place 
of quinine to arrest the paroxysms, or 
to prevent relapses at the septenary 
periods, but is more useful than 
quinine to reconstruct the damages 
in the organs of assimilation caused 
by malarial infection. 
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Nervous Disorders. — Spasmodic 
asthma is much relieved by eucalyp- 
tol given by steam inhalation. Ciga- 
rettes made from eucalyptus leaves 
alone, combined witli stramonium, 
belladonna, tobacco, etc., give similar 
relief. Pertussis has been relieved by 
a mixture of 1 part each of eucalyptus 
oil and terebene, and 6 parts of alco- 
hol, used in spray half an hour before 
meals and at bedtime (Hardwicke). 
Malarial or congestive headache may 
be relieved by oil of eucalyptus, 5 
minims (0.3 c.c.) being given four or 
six times daily. 

C. Sumner Wttherstine. 

Philadelphia. 

EUDOXIN is a compound of iodine, 

bismuth, and i)hcno1phthalein. It is a taste- 
less, odorless powder, having a reddish-brown 
color. It is insoluble and contains about 
per cent, of iodine. The drug is not oflicial. 

PREPARATIONS AND DOSE.~Eii- 
doxin may be given in the doses of 5 to 20 
grains (0.3 to 1.3 (im.) to adults. It may 
also be used as a dusting powder. 

PHYSIOLOGICAL ACTION.-^^Locally, 
eudoxiii acts as an a.stringent and a protective. 
Internally, the drug acts as an intestinal anti- 
septic and anti fermentative. 

THERAPEUTICS.— Locally, eudoxin is 
used in burns and ulcers, and has also been 
found of some value in certain skin diseases. 
It has also been used in some eye diseases. 
Castor oil, containing enough eudoxin to 
make a thick paste, may be found of value 
as a local application for cracked nipples. 

Internally, eudoxin is of value in catarrhal 
inflammations of the bowels, it is also 
recommended in the diarrheas of children. 

H. 


may he given internally in the dose of %o to 
K >4 grain (0.0()1 to ().(X)25 Gm.). 

PHYSIOLOGICAL ACTION.— Eiimy- 
drill is a mydriatic and antihydrotic. It has 
been useil in place of atropinv, as it is said to 
act more rapidly and to he less toxic. Its 
effects wear off more quickly than when 
atropine is used. It is claimed that eumy- 
drin has the peripheral action of atropine 
without its effect on the central nervous 
system. 

THERAPEUTICS. — Eumydrin may be 
used locally in the eye to produce mydriasis. 
Internally, it is said to he of especial value 
in the treatment of pertussis, night-sweats, 
and enuresis. 

Eumydrin is useful in functional and 
secretory neuroses of the alimentary 
tract, such as hyperchlorhydria, gas- 
tralgia, intestinal spasm, perityphlitis, 
etc., and in all conditions of the stomach 
and intestines in which belladonna or 
atropine is indicated. Eumydrin is much 
less toxic than atropine. Its dose is %() 
to Iir» grain (().(K)1 to O.IKH Gm.) three 
or four times a day, and it may be 
prescribed in pill, powder, solution or 
suppository. G. Haas (Thcrap. der 
Gegenwart, Nu. 3, S. 105, 1905). 

Upon healthy and diseased irides, it 
acts, in eiiiial doses with atropine, more 
slowly, with less energy, and its effect 
is not so lasting; on the other hand, it 
is less toxic and appears to have no in- 
fluence njx)!! the tension. Jt can be 
suhstitnled for atro])iiic in children, the 
aged, and when the latter is not well 
borne. Jn 0 5 per cent, solution it acts 
more rajiidly than hoinatropinc, hut its 
effects last about ten hours longer ; 
this can he decidedly shortened by pilo- 
carpine, rendering eumydrin preferable 
when, for examination, dilatation of the 
pupil is desired, l^el Monte (Arch, d, 
ophthal., July, 1906). H. 


EUMYDRIN is the nitrate of methyl- EUONYMUS, or Wahoo, is the dried 
ated atropin. It is a white, cry.stalline, odor- bark of the root of lluonymus atropurpureus, 
less salt, slightly soluble in ether or chloro- a plant of the United States. It occurs as 
form, but readily soluble in water or alcohol, curved or quilled pieces having a pale 
It is incompatible with alkaline solutions, brownish- gray or ashy outer surface, and 
The drug is not official. a whitish or Hght-hrown, smooth inner 

PREPARATIONS AND DOSE.— Ex- surface. There are small, dark, scaly 
ternally, eumydrin may be used in a 1 to 2 patches over the external surface. It has 
per cent, solution to produce mydriasis. It a distinct odor and a slightly bitter and 
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somewhat acrid taste. It is slightly soluble 
in alcohol or ether, and freely soluble in 
water. Euonymus contains a bitter, amor- 
phous substance known as euonymin, atro- 
purpurin, and several acids. 

PREPARATIONS AND DOSE.— The 
average dose of euonymus is grains 
(0.5 Gm.). 

Extractum euonymi, N. F. (extract of 
euonymus), is made by the evaporation of 
the fluidextract and the addition of 
powdered glycyrrhiza. Dose, 2 grains 
(0.125 Gm.). 

Fluidcxtractum cuonymi, N. F. (fluid- 
extract of euonymus), is made by the 
maceration and percolation of the drug 
with alcohol and water, followed by 
evaporation. Dose, 8 minims (0.5 ex.). 

PHYSIOLOGICAL ACTION.— Small 
doses of euonymus act as a tonic, increas- 
ing the appetite and the gastric secretions. 
It is a direct cholagogue, and a slow and 
mild laxative. 

The drug has also been credited with 
some expectorant nnd diuretic action, and 
first increases and then decreases the ex- 
cretion of uric acid. Large doses act as 
an intestinal irritant. 

THERAPEUTICS. — Euonymus is use- 
ful in all hepatic derangements and is also 
used in indigestion and chronic constipa- 
tion. It is also claimed to be of value in 
malaria and dropsy. H. 

EUPHTHALMINE HYDRO- 
CHLORIDE is a colorless crystalline 
powder derived from beta-eucaine and is 
soluble in water. 

PREPARATIONS AND DOSE.— 

Euphthalmine hydrochloride is used in a 
5 to 10 per cent, solution, 2 or 3 drops of 
which may be instilled into the eye. 

PHYSIOLOGICAL ACTION.— Euph- 
thalmine is a prompt mydriatic. It has no 
anesthetic action, and does not produce 
any pain, irritation of the cornea, or in- 
crease in intraocular tension. The effect 
of euphthalmine disappears more rapidly 
than that of atropine. Its effect on the 
general system resembles atropine. 

THERAPEUTICS. — Euphthalmine is 
used as a mydriatic in ophthalmoscopic 
examinations in place of atropine. The 
fact that its effects are relatively epheme- 
ral, constitute an advantage when but a 


.single examination under a mydriatic is 
necessary. 

The value of euphthalmine as a 
brief mydriatic is now well estab- 
lished, all observers being fully 
agreed regarding it. There is also 
complete agreement as to its freedom 
from danger of any injurious effect 
upon the cornea, such as strong solu- 
tions of cocaine arc likely to produce. 
Regarding the risk of producing an 
outbreak of glaucoma with euphthal- 
mine, while it is probably less than 
with any other mydriatic but cocaine, 
and most writers speak of it as nil, 
we must remember that every other 
new mydriatic has been put forward 
with the same assertion, but experi- 
ence has in each case failed to sub- 
stantiate the claim. Jackson and 
Schneideman (Amer. Jour. Med. Sci., 
June, 1900). 

In many cases of cataract, central 
opacity of the lens precedes cortical 
involvement. If the pupillary aper- 
ture be narrow, as is generally the 
case in the aged, vision is greatly in- 
terfered with by such central opacity, 
which blocks the entire pupil, and 
where the condition is bilateral, the 
patient is unable to read or write. 
The operation of preliminary iridec- 
t()my usually performed under these 
circumstances may be impossible for 
two reasons: 1. General disease con- 
traindicating operation. 2. Refusal of 
the patient to be operated. For 
several years the author has success- 
fully used in these cases euphthalmine 
hydrochlorate, which, by its mydriatic 
effect, permits of vision through the 
uninvolved cortical portions of the 
lens. A mydriatic used for such a 
purpose must be shown to be entirely 
harmless, since it may have to be 
used for several years. In the use of 
euphthalmine the author has observed 
no untoward effects. Intraocular 
tension is not affected, accommoda- 
tion is but rarely and very slightly 
influenced, and there are no second- 
ary intoxicating effects. Sometimes 
there is a slight burning sensation of 
the conjunctiva in the first half minute 
after use. Mydriasis begins in twenty 
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minutes and lasts four hours with the 
3 per cent, and seven hours with the 
5 per cent, solution. To avoid the 
dazzling effect from the increased ad- 
mission of light, the patient’s ordi- 
nary glasses may be colored blue or 
greenish yellow. The drug must not 
be used after 6 p.m. ; 1 or 2 drops after 
breakfast enable the patient to read 
in the morning, and 1 or 2 at noon, 
in the succeeding afternoon hours. 
With this procedure persons pre- 
viously debarred from all work may. 
in part at least, resume their former 
occupation. A. Dufour (Revue med. 
dc la Suisse Romande, Jan. 20, 1910). 

11 . 

EUOUININE. Sec Ct NCI IONA. 

EUROPHEN. — Eiirophcn, or iododi- 
isobutylorthocresol, is the result of the 
action of iodine on isobutyl alcohol and 
orlhocresol with zinc chloride by heal. 
It is allied to aristol and appears as a 
light, dull-yellow, amorphous, aromatic 
powder, which is soluble in alcohol, ether, 
chloroform, and oils, but insoluble in 
glycerin or water. It has an aromatic 
odor, like saffron, but has no taste. It is 
stable when kept dry. On prolonged ex- 
posure to moisture it is decomposed, set- 
ting free nascent iodine. If heated to 158'’ 
F. (70® C.) in the presence of water it is 
decomposed; hence heat should not be 
employed in making solutions of it. It 
contains 28.1® of iodine. It was introduced 
as a substitute for iodoform. Europhen is 
incompatible with the metallic oxides, all 
preparations of mercury, and starch. 

DOSE AND PHYSIOLOGICAL 
ACTION. — Internally the dose is 1 to 3 
grains (0.065 to 0.2 Gm.). By hypodermic 
injection (in a 3 per cent, to 10 per cent, 
solution in olive oil) the dose is 1 to 114 
grains (0.065 to 0.1 Gm.) once daily. Ex- 
ternally, it is used in 5 per cent, to 10 i)er 
cent, ointment, dissolved in olive oil or 
lanolin (5 per cent, to 30 per cent.), as a 
dusting powder (1 part to 3 of boric acid), 
in 10 per cent, gauze, or pure. 

The therapeutic value of europhen de- 
pends upon the liberation of iodine when 
it is exposed to moisture. In this it.s 
action is similar to that of io'^oform; but 
europhen parts with its iodine more 


slowly, even under the most favorable con- 
ditions; and while it is thus less poison- 
ous than iodoform it is also, for the same 
reason, less ellicient. 

On the cither hand, it is more bulky, will 
go farther, and is less likely to cake than 
iodoform. Its properties are those an 
antiseptic, antisypliilitic, and alterative. It 
exerts a polyseptu* action upon bacterial 
growth. 

THERAPEUTICS. — Europhen is not 
generally given by the mouth, although 
it has been administered in syphilis, in 
doses of 3/2 to 2 grains (0.032 to 0.13 Gm.). 
It is not considered poisonous; as much as 
23 grains (1.5 (on.) has been taken daily 
for three weeks without any appreciable 
disturbance. It is believed that ciirf)plien 
taken internally passes through the bowels 
almost unchanged. I'lic hypodermic use 
of europhen has not met with much favor, 
and, although tried in the treatment of 
syphilis, it has not yielded the results an- 
ticipated. As a surgical dressing and 
ill some cutaneous disorders, principally 
those presenting moist or secr(‘ting sur- 
faces, europhen has found great favor. 

Europhen has been highly recommended 
by I'lick in the treatment of pulmonary 
tuberculosis. He introduces it into the 
body by means of inunctions, using the 
following formula: — 

B Jiurophen 5ij (8 Gm.). 

Oil of roses 711 ij (1.2 c.c.). 

Oil of anise. 

Oil of (/aultlicria, 

of each fS-ij (8 c.c.). 

Olwe oil, enough to 
make f5v (150 c.c.). 

The quantity to be used is proportionate 
with the age of the patient. 

Wounds. — Tn recent wounds of trau- 
matic origin europhen has proved of great 
usefulness, showing a high eOicicncy as 
an antiseptic dressing. Marked drying 
powers without local irritation and ab- 
sence of odor are the principal advantage 
of europhen over iodoform. All kinds of 
wounds heal quickly under it. It has been 
used with great success after superficial 
operations, such as removal of skin tu- 
mors, circumcision, and cauterization. In 
postoperative fistula it has been found 
better than iodoform. Erosions, fissures, 
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and sinuses may be dusted with europhen 
and then covered with 10 per cent, euro- 
phen gauze. 

Cutaneous Disorders. — In skin affections 
of a dry or scaly character europhen is 
inactive, as might be inferred. In dry 
eczema, favus, and psoriasis its value is 
slight. As a dusting-powder in the inter- 
trigo of children it has found great favor. 
In pustular eczema, folliculitis, impetigo, 
suppurating lupus, and scrofuloderma 
europhen has proved of equal value with 
iodoform. In scalds and burns and ery- 
sipelas it is of considerable service, a 
dressing of 3 parts of europhen in 7 parts 
of olive oil being suggested. In chronic, 
indolent ulcers and in leg ulcers with a 
surrounding eczematous area europhen 
soothes the burning and itching, and al- 
lays the pain, whereas iodoform is irri- 
tating. Boils and carbuncles are dressed 
successfully with europhen. In the treat- 
ment of tubercular growths europhen is 
inferior to iodoform. 

Venereal Disorders, — Europhen is a 
valuable dressing for balanitis, chancroids, 
suppurating buboes, and phagedenic ulcers, 
as well as for tertiary syphilitic conditions 
affecting mucous surfaces, or with a moist 
or secreting surface. Europhen may be 
applied, as in other surgical cases, in 
powder, ointment, oily solution, or in the 
form of gauze, as the nature of the case 
requires. 

Nasal Disorders. — In atrophic rhinitis, 
ozena, septal ulceration (syphilitic or trau- 
matic), and in postoperative wounds of 
the nasal cavities europhen is very valu- 
able, as it adheres well to the mucous 
membrane, is devoid of unpleasant odor, 
and has marked antiseptic and healing 
powers. 

Ophthalmic Disorders. — Pick (1910) 
found europhen valuable in septic diseases 
of the eye, particularly when these occur 
as a result of local injury, foreign bodies, 
etc. He evacuated the pus and introduced 
europhen into the organ. W. 

eXALGIN — Exalgin (methylphenyl- 
acetamide, or methylacetanilid) is prepared 
by warming together monomcthylaniline and 
acetyl chloride. It occurs in acicular 
needles, which are with difficulty soluble 
in cold water, more readily in warm 


water, and more easily in dilute and 
concentrated alcohol. It is odorless and 
tasteless. 

DOSE. — Exalgin may be given to 
adults in doses of 2 to 4 grains (0.12 to 
0.25 Gm.) every two to four hours. A 
maximal daily dose of 15 grains (1 Gm.) 
should not be exceeded. According to 
Bardct the doses of exalgin, as set forth 
in the formularies, are too high. The 
maximum dose for twenty-four hours 
should be, for a man, 4 grains (0,25 Gm.), 
and for a woman, 2>^ grains (0.16 Gm.), 
Children from 1 to 12 years of age may 
be given ^ to 1^2 grains (0.032 to 0.1 Gm.) 
three times daily. Owing to its pleasant 
taste, it may be given dry on the tongue, 
in wafers, and dissolved in wine or water, 
to which a little alcohol has been added 
(exalgin, 1 part; alcohol, 1J4 parts; sweet- 
ened water, 125 parts). 

Sodium salicylate added to exalgin in- 
creases its solubility for hypodermic use 
(exalgin, 10 parts; sodium salicylate, 11 
parts; water, 100 parts). In short, the 
dose of exalgin is one-fifth that of anti- 
pyrin. 

PHYSIOLOGICAL ACTION.— This is 
similar to that of acetanilid. It is capa-, 
ble of acting energetically upon sensibil- 
ity and the motor-nerve system, and later 
upon the respiratory and circulatory sys- 
tems. In tonic doses it acts upon the 
blood-corpuscles like all poisons of the 
same class and diminishes the activity of 
the gaseous changes therein. In animals, 
mortally toxic doses produce violent con- 
vulsions and insensibility; death is from 
asphyxia. In toxic non-mortal doses 
convulsions are observed. In man the 
temperature is not reduced except when 
exalgin is administered in small, repeated 
doses during several hours. It acts first 
upon sensibility; its action upon thermo- 
genesis comes later and is accessory. 
With feverish patients untoward effects 
are accentuated; hence the presence of 
fever is a contraindication to its use. 
While large doses in animals do not pro- 
duce albuminuria or hematuria (Brig- 
onnet), in man the quantity of urine de- 
creases, the color becomes darker, and 
urobilin and indican are present, if the 
dose is large. Arterial pressure occa- 
sionally falls slightly, though usually 
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there is a rise, with a decrease in pulse 
rate. Vasomotor disturbances are indi- 
cated by free or profuse diaphoresis. 

EXALGIN POISONING. -No fatal 
poisoning from exalgin has been reported, 
although serious symptoms have ft)llowed 
so small a dose as 5 grains (0.3 Gm.). In 
this case, an asthmatic, the effects of this 
small dose were noticed within five min- 
utes. Unconsciousness was associated 
with shallow, infrequent, and failing res- 
piration. The lips and finger-lips became 
cyanosed and the extremitit's cold: the 
pupils were fixed and widely dilated; 
knee-jerks were absent. T.ater an evident 
tendency to heart-failure. The urine 
could be drawn with catheter (secretion 
suppression). In other cases larger doses 
have produced numbness and tingling, ver- 
tigo, temporary blindness, tinnitus aurium, 
headache, profuse sw'eating, cyanosis fol- 
lowed by pallor, formication, etc. The 
brain seems to be the first organ affected 
and the first to recover. General motor 
paralysis with dyspnea, pallor, palpitation, 
and physical prostration were the symp- 
toms in another case. There is sometimes 
a feeling of alternate expansion and con- 
traction of the head. 

Case of an arthritic and hysterical 
woman, who took, for the mitigation 
of an attack of migraine, a cachet 
containing 4 grains (0.25 (hn.) of ex- 
algin. This dose in a short time pro- 
duced upon the skin and the mucous 
membrane of the anus and vagina 
a general papulose eruption, with 
patches of a fiery-red color, and, in 
certain spots, large blisters, contain- 
ing a clear, serous fluid. The rash, 
which lasted four days, caused pain 
when p’-essure was applied, but it was 
not pruriginous. Linossicr (Jour, de 
Pharm. ct de Chim., No. 8, p. 413, 
1898). 

Case of exalgin poisoning occurring 
in an adult male Chinaman. It was 
estimated that the dose taken was 
ISO grains (5 Gm.) of Merck’s prep- 
aration. The patient when seen was 
quite unconscious, intensely livid, 
with pinpoint pupils and a full, bound- 
ing pulse. His temperature was 
100.6® F. (38.r C). He h-d vomited 
once. He was given 30 grains (2 


Gm.) of salicylic acid by a nasal tube 
and %() grain (0L(X)13 Gm.) of atropine 
hypodermically, and was put to bed. 
Two hours later be was given Moo 
grain (0.0(X)(>5 Gm.) of atropine, and a 
few liourb later a third dose consist- 
ing of ‘•iou grain (0.(K'KK)5 Gm.). The 
urine contained albumin when first 
seen, but by the following morning 
the albumin had disappeared and the 
patient generally was much improved. 
Complete recovery ensued. J. Bell 
(Lancet, Sept. 30, \m). 

A patient suffering considerably 
from headache and insomnia received 
Gm. grains') of the drug in 

the morning: during the afternoon 
she ct)mi)laiiied considerably of pal- 
pitation of the heart and a feeling of 
oppression. After subsequent doses 
of the same si/c the distress became 
even more marked and was coupled 
with formication, vertigo, spots be- 
fore the eyes, tiiiiiitiis, dilation of the 
pupils, increased i)nlse rate, and a 
pronounced cyanosis of the visible 
mucous membranes. After two days 
of active treatment with stimulants, 
warm baths, and diuretics, the symp- 
toms had disappeared. That great 
care is to be exercised in the adminis- 
tration of exalgin is evident. O. 
Seifert (Wien. klin. Rundsch., June 
29, 1902). 

Treatment of Exalgin Poisoning.— The 

first indication in the treatment 'of 
poisoning is to evacuate the stomach. 
Apomorphine in doses of Mo to % grain 
(().(K)6 to 0.01 Gm.) may be given hypoder- 
mically for this pun>ose. Cardiac and re- 
spiratory stimulants (ether, strychnine, and 
caffeine by hypodermic injection, or strong 
coffee by the rectum) are then demanded. 
Morphine by injection may be given if 
there arc convulsions or if much rigidity 
is present If the respirations fail, arti- 
ficial respiration should be kept up faith- 
fully, and faradization of the phrenic 
nerve, stimulants, and warmth appHedn 
In all cases of poisoning thus far reported, 
these remedies have been successfully 
used. 

THERAPEUTICS.— Exalgin is essen- 
tially a remedy against pain, as its name 
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indicates. It is an antineuralgic, antirheu- 
matic, and sedative. It should never be 
given to patients suffering with any in- 
terference of respiration nor used as a 
means of reducing temperature, for ex- 
perience has shown that in febrile cases 
the untoward effects of the drug are 
marked. 

Used externally diluted, as a dusting 
powder, exalgin has been found to exert 
a slight anesthetic effect on painful ulcers, 
burns, and injured surfaces. 

Exalgin is used to relieve the pain of 
rheumatism, arthritis, the various forms of 
neuralgia, headaches, and the lightning 
pains of locomotor ataxia. 

Small night and morning doses (2 or 3 
grains — 0.12 or 0.2 Gm.) have been found 
useful in many cases of epilepsy and 
chorea, but in these disorders medication 
must be continued for several weeks to be 
successful. 

In all cases exalgin should be adminis- 
tered in sniJill doses until the susceptibil- 
ity of the patient is ascertained; thus only 
will dangerous symptoms be avoided. 

W. 

EXOPHTHALMIC GOITER. 

See Gravk.s’s Disease. 

EXTERNAL EAR, DISEASES 
OF THE. — The external ear fur- 
nishes about one-fourth of all aural 
work, by reason of its diseases and 
anomalies; and in consideration of 
the fact that much of our examination 
and treatment of the middle ear has to 
be through this channel, its careful 
study is requisite in otology. Statis- 
tical tables show that more than half 
of these are cases of impacted ceru- 
men, and the bulk of the remainder 
fall under the convenient — if vague — 
headings of diffuse, or eczematous, 
and circumscribed, or furuncular, in- 
flammations; but the rarer affections 
have still enough of pathological in- 
terest to call for brief discussion. 

MALFORMATIONS. — Many of 
the malformations of the auricle have 


only embryological interest; but the 
rudimentary microtia is usually ac- 
companied by stenosis or absence of 
the auditory canal, and the question 
of operative intervention comes up, — 
generally for a negative answer. Pos- 
sibly a crumpled auricle can be 
straightened out by plastic operation 
for more natural growth, and a cov- 
ered bony canal can be opened; yet 
too often exploration fails to find the 
canal, and even the tympanum may 
be undeveloped ; so any opening of the 
bone is contraindicated. Otherwise 
any reasonable plastic surgery may be 
attempted. The little congenital fis- 
tula seen at times above the tragus 
may suppurate and demand curetting 
or excision, and auricular appendages 
or reduplications of the auricle may 
call for removal. I>ad mal|)osition of 
the auricles may rarely justify cos- 
metic operation. 

Prominent cars, in addition to being 
unsightly and a cause of mental suffer- 
ing to the owner, are a source of physi- 
cal danger in that they may deflect 
currents of cold air against a delicate 
drum membrane, especially on windy 
days. Iu)r this latter reason he sug- 
gests the desirability of changing the 
“set” of them. In his method of 
operation he excises practically all the 
fibrocartilage of the concha, antihelix, 
and antilragus. An ellipse of skin is 
removed from the posterior part of the 
ear and from the mastoid region of the 
scalp, of such a shape that one half 
relates to the ear and the other half to 
the mastoid region of the scalp. The 
cartilage is then removed, and the very 
thin skin over concha and antihelix is 
buttonholed at one or more points for 
purposes of drainage. The ear is then 
sutured in place, and two thicknesses 
of iodoform gauze cut to conform with 
the wound line arc nicely fitted between 
the skin of helix and skin of scalp. 
Previous to operation the auditory 
canal is plugged with cotton which is 
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removed, and the meatus left open, 
before the final dressings of iodoform 
gauze are applied. Morris (Med. 
Rec., March 23, 1912). 

In congenitally closed external meatus, 
the writer removes the obstructing tis- 
sue, then makes a plug or splint out 
of a hard preparation of paraffin and 
wax to fit the orifice and keeps it in 
place until the skin or mucosa has re- 
formed. The opening is thus main- 
tained without pain or further opera- 
tive procedure. Stahlman (Penna. 
Med. Jour., Sept, 1921). 

INJURIES. — Wounds, burns, frost- 
bite, and al)sccsses (see Fitiu’ncle, 
below) should receive the usual sur- 
gical treatment, the last being rare 
except in the lobule, where generally 
due to septic piercing for earrings. 

Hematoma and perichondritis are 
often of traumatic origin, each marked 
by effusion between the perichon- 
drium and cartilage, with serious im- 
pairment of its vitality. Deformity is 
apt to follow; but early relief of ten- 
sion and judicious use of mas.sage are 
our best measures for cure or mitiga- 
tion. Any inflammatory symptcmis, 
such as usually differentiate these 
otherwise similar affections, arc to 
be allayed before much stimulation is 
attempted. 

Wounds of the auditory apparatus 
are very frequent in war, being due 
not alone to direct projectiles but 
also to the effects of explosions. 
The author treats especially of sten- 
osis and consecutive atresia of the 
canal. If after as wide excision as 
possible of the cicatrical tissue there is 
still a tendency to re-formation of the 
stenosis, it will be necessary to: (1) 
Enlarge the external auditory canal by 
abrading its posterior wall as far as 
the tympanic membrane; (2) make an 
autoplasty of the membranous con- 
duit according to Moure’s method in 
order to obtain as large a meatus as 
possible; (3) attach great importance 


to post-operative dressings. By fol- 
lowing such procedure the author has 
obtained definite recovery in the 
majority of cases of stenosis. I. 
Rozier (Rev. de Laryn., xxxviii, 361, 
1917). 

GROWTHS. — Cysts are generally 
back of the ear and more commonly 
congenital, however late the ai)parent 
l)cginning. They may he serous, se- 
baceous, or teratoid, and should be 
dissected out entire. 

Fibroma of the lobule is ustially a 
kcluid formation sc(|iient upon ])ierc- 
iiig or the wearing of irritating rings; 
it is therefore commoner in the negro. 
Jt is not apt to attain great size and 
.seems always benign ; but thorough 
eradication is the only safeguard 
against prompt recurrence. Other 
neoplasms, ei)ithelioma in particular, 
are occasionally ()])served. 

Between senorrheic patches of the 
auricle and epitheliotnas there is no 
borderline, cither pathologically or 
clinically. Of the writers’ 46 cases of 
epithelioma, most were of the basal- 
cell type and not very refractory, un- 
less they invaded the external auditory 
meatus. They may be painful and 
tender. X-rays or radium is the treat- 
ment of choice, esjiecially the latter. 
Radium may be used for cross-firing. 
Any remaining cells of low-grade vi- 
tality arc best destroyed with tri- 
chloracetic acid or acid nitrate of mer- 
cury and, if necessary, the curet. 
Montgomery and Culver (Arch, of 
Derm, and Syph., Apr., 1923). 

ECZEMATOUS INFLAMMA- 
TION of the auricle is commonly due 
to its extension from the canal, where 
it has has been set up by irritating dis- 
charges. Intertrigo back of the ear 
or isolated affection of the pinna or 
canal has often other causes; and in 
the absence of otorrhea, gout, struma, 
or other malnutrition is apt to be its 
basis. It may be a severe affection, 
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with pyrexia and almost phlegmonous 
swelling, and in such cases it is wiser 
to isolate, give full doses of tr. ferri 
chlor., and deal with it as erysipela- 
tous. Locally there are generally abun- 
dant micro-organisms; and whether 
these are causative or not, we should, 
with all promptness, remove the con- 
ditions favorable to their growth. 
Moisture is to be avoided, as well as 
any oily materials which might de- 
compose and irritate, and any weep- 
ing of the surface should be dried by 
vigorous use of silver nitrate. Bis- 
muth, calomel, hydrarg. oxidi flavi, or 
ichthyol in weak ointment should re- 
lieve the irritable conditions — oil of 
cade or more stimulating salves, the 
more chronic phases. Asa prelude to 
any treatment, the affected surface 
should be cleaned as perfectly as pos- 
sible of all crusts or desquamation, 
hydrogen dioxide, especially in 60 per 
cent, alcoholic solution, being prob- 
ably the best agent, since it also pene- 
trates and disinfects, while bringing to 
view, as snowy patches, affected areas 
beneath the surface. The chosen oint- 
ment should then be rubbed in, gently 
but persistently, until these deeper 
patches have been again made in- 
visible by its penetration. The pre- 
scribing of medication without super- 
vising or personally carrying out the 
employment of it will generally prove 
ineffectual. It is safest to continue 
its use periodically for a month after 
all symptoms are past. 

Eczema of the external ear is often 
stubborn at best and prone to recur, 
and strict regimen and constitutional 
medication may be requisite to ward 
off attacks. Herpes may, in very rare 
cases, be mistaken for it; but the 
pain in herpes is very apt to be severe 
before any eruption occurs, and the 


course of the affection is quite 
different. 

The itching of eczema is as trying 
in the canal as in any other location, 
and there is a strong temptation to 
scratch, abrade, and infect the sur- 
faces. .Furuncle is apt to follow, and 
autoinoculation may establish a series. 
As elsewhere, there are two sets of 
glands open to involvement, the super- 
ficial sebaceous hair-glands and the 
deeper coiled glands, here secreting 
cerumen instead of sweat. The latter 
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may actually enter the perichondrium 
or periosteum; so their suppuration 
may not only cause swelling of the 
whole aural region and displace the 
auricle in a way suggestive of mastoid 
abscess, but may really cause caries of 
the bony wall. Hence slight eczemas 
deserve treatment as a prophylaxis, 
even when no redness or desquama- 
tion marks their existence. 

Induration is present in most 
chronic eczemas, and the resulting 
rigidity of the auricle and canal is 
often our only diagnostic sign. Some- 
thing of this sort will generally be 
found in the other ear when one only 
is affected with furuncle. The right 
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ear is more often affected in adults, 
probably as it is more often scratched. 

In eczema of the auricle, the writer 
advises protective ointments earh% and 
later cleaning off of the crusts and 
stimulating ointments, X-ray treat- 
ment and injections of sodium cacody- 
late; mesothorium, bromide, and uro- 
tropin are also recommended. The 
prognosis depends on the underlying 
cause. A good drying powder con- 
sists of talcum, 25 parts; zinc oxide, 

5, and starch, 100. Dc Carvalho 
(Brazil-nied., Jan. 22, 1921). 

FURUNCLE may be extremely 
painful and a series occurring in a 
patient out of health may positively 
endanger life through exhaustion. The 
first appearances should be vigorously 
treated, therefore, and the later stages 
sedulously cared for until resolution 
is complete. 

The hearing is unlikely to he in- 
volved except temporarily; but the 
condition should not be too lightly 
regarded or the sufferer may seek a 
more sympathetic attendant. Leech- 
ing may greatly relieve the painful 
tension and abort or limit the lesion ; 
heat, dry or by douche, is generally 
more convenient and as efficacious. 
The temperature should always he 
hotter than pleasant and the douche 
should be followed by drying, to 
avoid maceration. Poulticing is to be 
condemned, unless done for very brief 
intervals and only at the hottest bear- 
able. Granulations about the mouth 
of an open furuncle are almost as cer- 
tain evidence of abuse of poultices 
as is a *‘tea-leaf eye.^* Disinfection 
by mopping with hydrogen peroxide 
gives the benefit of massage, and 
should be followed by rubbing in of 
the ointment of the yellow oxide of 
mercury. This should n^ t only be 
rubbed in vigorously, but be inserted 


on a conical wad of cotton wedged in 
as firmly as can be tolerated. If the 
patient will bear this for the first few 
minutes, it generally reduces the con- 
gestion and brings relief, and it can 
even be pu.shed in more and more so 
as to maintain pressure. A persistent 
inunction and massage arc thus ob- 
tained at every motion of the jaw, 
and a canal that was wholly closed 
one day with a furuncle that threat- 
ened days of suffering may be found 
open and well on toward resolution 
next day. In the deeper form of the 
involvement such pressure cannot be 
endured. Heat will here have a 
limited value, and instillations of atro- 
pine, cocaine, morphine, carbolic acid, 
or a thousand vaunted remedies may 
avail as little. Morphine in full dose 
must be called in, therefore, to sup- 
plement the rcsvdvent effect of heat by 
douche and hot-water bottle. Bags 
of salt retain heat well and can be 
used to good advantage, as can the 
Japanese hand-stove if its fumes are 
avoided. Incision of the swelled tis- 
sue, whether pus has formed or not, 
is in theory unimpeachable; in prac- 
tice it can l)e generally avoided with 
moral and physical relief to the pa- 
tient and an impression that the heal- 
ing has been better without it. Dia- 
gnosis of the conditions beyond the 
swelling may be impossible, and 
tympanic involvement had better be 
assumed until it can be disproved; 
hence swellings in the bony canal, 
where glands are few and furuncle 
rare, should be earlier incised, and the 
possibility of underlying bone disease 
never lost sight of as a cause, rather 
than a consequence, of the visible 
lesion. 

Six cases in which circumscribed 
otitis in the outer ear was treated in- 
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ternally with yeast, taken two, three, 
and four times a day. The tendency 
to recurring furuncles in the ear was 
promptly arrested and there has been 
no recurrence since. The patients took 
the yeast for about a week. This yeast 
treatment was supplemented by local 
application of medicated gauze. Under 
the influence of the yeast the pain and 
the morbid tendency rapidly subsided, 
although the furunculosis had long per- 
sisted unmodified by other measures. 
N. Antenore (Gazz. degli Ospedali e 
delle Clin., May 4, 1909). 

A small pledget of cotton- wool is 
impregnated with equal quantities of 
ichthyol and glycerin and introduced 
into the meatus, followed by a second 
pledget of dry cotton-wool to prevent 
any of the solution running out. Care 
must be taken to prevent the pledgets 
from exercising any pressure, otherwise 
the pain would be increased. The ap- 
plication may be renewed once a day, 
or in very painful cases night and 
morning, and the treatment should be 
continued until the desiccation of the 
furuncle is complete. If the furuncle 
breaks, the cotton-wool impregnated 
with ichthyol prevents further infection 
of the meatus inward, and there is no 
fear of setting up eczema (^f the pas- 
sage, such as not infrequently occurs 
with other moist applications or instilla- 
tions of glycerin and carbolic. In cases in 
which it may be necessary to incise the 
furuncle the ichthyol application forms 
a suitable subsequent dressing. F. 
Bruch (Merck’s Archives, March, 
1910). 

In acute otitis media and the ex- 
tremely painful furunculosis of the 
auditory meatus, the writer recom- 
mends the following combination: — 

li JEthylis amino- 

bcncoatis ... 1 Gm. (15 grains). 

Alcohol absoL . 10 Gm. (2^^ drams). 

Liq. alum, ace- 

tatis 2 Gm. (30 minims). 

Glycerini 30 Gm. (1 ounce). 

The solution is warmed and applied 
by saturating with it a sterile strip of 
gauze which is inserted up to the drum 
membrane three to five times a day. 


The gauze is then moistened with the 
solution, while externally a Priessnitz 
dressing is applied. 

The above formula or combination 
is very efiFectual and never causes any 
intoxication like cocaine or any cau- 
terization like the popular 10 per cent, 
carbolized glycerin. 

For painful affections of the larynx, 
the author prefers a mixture of equal 
parts of ethyl amino])enzoate (anes- 
thesin) and iodol with 1 per cent, 
menthol, insufflated three times a day. 
Huehner (Therap. Monats., Feb., 
1912). 

During the preparation of the 
autogenous vaccine, which takes 2 
days, the writer frequently gives an 
initial dose of a pure staphylococcus 
aureus or alhus vaccine, prepared and 
kept on hand in the laboratory. If 
the offending organism corresponds 
to the organism of the vaccine used 
in the first treatment, and if there 
has been an improvement, the stock 
vaccine is continued; in other circum- 
stances the ainogenous preparation is 
substituted. II. Beattie Brown (An- 
nals of Otol., Rhin. and Laryn., Sept., 
1914). 

The waiter finds that heat may ef- 
fect a cure in mild cases. Where there 
is pus, he makes deep incisions, and 
24 hours later inserts a gauze strip 
soaked in aluminum subacetate solu- 
tion, to be kept moist by the patient 
with a medicine dropper. Prenn (Bos- 
ton Med. and Surg. Jour., Oct. 14, 
1920). 

GRANULATION MASSES may 

be found in the canal, arising from its 
wall. Unless fringing the opening of 
a poulticed furuncle, these generally 
mark a sinus leading to or into the 
bone. There may be a burrowing out 
of tympanic pus along the periosteum 
by a track which a bristle could hardly 
follow; but generally a fine probe will 
find its way to bare and carious bone. 
A superficial lesion should be laid 
open and curetted, as cocaine will gen- 
erally enable us to do with sufficient 
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vigor. A deeper lesion will belong to tion. Outside of the narrowed “isth- 
the field of middle-ear surgery. mus” of the canal the wax glands are 

INSPISSATED CERUMEN con- present, and one of the functions of the 
stitutes about one-seventh of the aural wax is doubtless to agglutinate the flaky 
disorders. It is rarely a condition that material. The iTOtions imparted by the 
can be regarded as merely an incidental jaw to the lining of the canal are then 
retention of normal earwax, nor docs probably all that is needful to convey 
the dirty occupation of even the coal- these particles to the exit —the spring 
heavers, who are affected with it, more of the hairs u]>on which they get caught 
than partially explain its occurrence, serving to throw them at times out upon 
There is generally more or less involve- the shoulder. 

ment of the middle ear behind it, and When, through defe<:t of this natural 
the decreased amount and greater con- cleansing ])rocess or artificial inter fer- 
sistence of the excretion is often, as in ence with it, collections form within the 
the pharynx, the reason for the ap- canal, they arc commonly at the middle 
])arent increase of its amount. Wax is third and may fill almost completely this 
generally wholly lacking in suppurating tube; but so long as the smallest crevice 
cars, although brownish, inspissated pus remains through which the sound-waves 
is easily mistaken for it; and in the can reach the tymi)anum there may be 
chronic tympanic catarrhs it is generally no symptom of their i)resence. Pres- 
a very good omen when wax begins sure may be noted or other irritation 
again to form in the usually empty lead to intcTfe»*encc, and then the mass 
canal. Faulty configuration sometimes may he pushed rk>wn ui)(>n the drum or 
hinders its natural escape ; but generally made to occlude the meatus. More 
this is associated with an eczema which often the entrance of moisture swells 
adds much exfoliated ej)i(lermis to the the hy(lroscoi)ic mass, and sudden and 
collection. The wax glands are situated complete closure of the ear, with deaf- 
only in the outer two-thirds of the ness, tinnitus, and autojdiony, may alarm 
canal ; so any wax found deeper is a as well as distress the patient. Sudden 
foreign Ijody, generally pushed there by deafness without pain or vertigo is apt 
meddlesome attempts at its removal. to signify impacted cerumen. 

Tlie healthy ear needs no artificial The opix)site car is commonly in sim- 
cleansing of its canal. Nature has pro- ilar condition ; so the habit of examin- 
vided that the epithelium of the center ing it first may save us from letting the 
of the drumhead shall grow fa.ster than same experience befall the patient there, 
at any other point ; hence it tends to A dark-brown or blackish, greasy mass 
overgrow its surroundings, as it were, can usually be seen at the first glance, 
and, pushing the older cells before it, to even on drawing the canal straight and 
creep along the canal wall. Superficial letting the light from a window fall into 
extravasations on the drumhead can it past the examiner’s head. Sometimes 
thus be seen to migrate off its surface the hairs are enough to hide it and must 
and a little way along the canal, before be pressed aside with a speculum. This 
they are thrown off; and this outward must here, as always, be used only 
growth carries all foreign material under good illumination of the canal or 
away from the tympanic membrane, it may serve to press the mass all the 
where it might seriously impede func- more distressingly. In all these exami- 

4 - 4 « 
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nations, as also In all manipulations in 
the canal, the normal configuration of 
the meatus must be borne in mind. It 
has an oval lumen with the longer 
diameter vertical at the exit, but inclin- 
ing forward as we go in. Its axis is 
spirally curved and tends usually up- 
ward and forward as we pass in, but 
the floor seems to sink a little as we ap- 
proach the drumhead, constituting a 
slightly broadened, deepened sulcus, out 
of which foreign materials are rather 
hard to remove. The soft parts con- 
stituting the outermost third of the 
canal exaggerate the curves and have to 
be drawn up (down, in the infant) and 
back and out in order to straighten it as 
much as possible, lx)th for seeing in and 
for washing out anything there retained. 
The helix should therefore always be 
grasped between the index and middle 
fingers, so that this traction may be 
efficiently made, and yet the thumb and 
index tip be left free to manipulate a 
speculum or otherwise serve us. 

Wax plugs and all other foreign 
bodies should be washed out with the 
syringe. Only where this has been fully 
and skillfully used without avail has the 
most expert a right to employ other in- 
struments, and then only with a gentle, 
steady hand and on a quiet or etherized 
patient. In almost all cases the syringe 
is the most efficient as well as the safest 
and gentlest means at our command; 
but it must be better used than is 
common if it is to justify this claim. A 
small, smoothly working piston syringe 
is to be preferred, with a small tip that 
can enter a little way into the canal 
without obstructing the view. The fluid 
employed should be hot water. It mat- 
ters little or not at all whether this is 
medicated; soda, boric acid, or any 
harmless drug may be dissolved in it if 
the surgeon believes it better than pure 


water. The best solvent is really heat, 
and a temperature of 110® to 115® F. 
(43.3° to 46.1° C.) is generally well 
borne and less apt to cause dizziness 
than ‘"lukewarm’' water. A cup of 
some sort should be held beneath 
the lobule and the shoulder covered 
with a towel; then with the canal 
well illuminated by the forehead 
mirror or other means and drawn 
straight as above described, we gently 
begin to inject the hot water. Perhaps 
along the upper back wall is the best 
direction for the stream; but this must 
be varied as sight of the mass suggests. 
Beginning gently, the first few drams 
serve to moisten the parts, the next to 
disintegrate the plug, discoloring the 
returning fluid with the dissolved wax; 
usually with my two-dram instrument 
the eighth syringeful washes the mass 
out into the cup, with an expenditure of 
2 ounces (60c.c.) of water and five 
minutes, at most, of time. 

But epidermis is not soluble in water 
or any other available material. When 
the impaction consists largely of lami- 
nated epithelium, esiiecially if really a 
cholesteatoma mass working out from 
the middle ear, no such easy task is to 
be anticipated. Prolonged syringing, 
aided by skillful use of the probe and 
forceps, perhaps, must be employed to 
remove such a mass, and prudence may 
dictate adjourning the completion of 
the matter to a second sitting. The 
canal walls are often excoriated beneath 
such a mass, and exfoliating, but not 
yet fully detached, epidermis may an- 
chor it to tender surfaces, from which 
it should not be violently torn away. 
But in true cerumen impaction there is 
little or none of this. Delay in soaking 
or otherwise trifling with the plug only 
increases any irritation from its pres- 
sure. The patient, if put off, may never 
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return to the surgeon, whom he truly 
says made him worse instead of better. 
Disdncss or fainting may compel a sus- 
pension of the sitting; l)ut if the patient 
has been warned to announce the first 
sensation of the sort, this can generally 
be forestalled, and an eye should gen- 
erally be kept open for any clammy 
sweat on his brow. fVcssure upon the 
tympanic structures is a common cause, 
and suction with the squeezed I\)litzer 
bag fitted in the canal or the palm laid 
over the car will often undo the mis- 
chief and give instant relief. If not, 
the patient should be laid Hat by tilting 
his chair back until the head is on or 
near the floor and be induced to lie still 
until feeling right again, when the chair 
can be raised again and we can proceed 
in a few moments without repetition of 
the disturbance. 

After this and all other syringing, the 
canal should be gently dried with ab- 
sorbent aAton on a delicate carrier and 
the air shut out by a light Hake in the 
exit; otherwise there will be chilling 
from the evaporation of the trace of 
moisture left, with possibly unpleas- 
ant reaction. Any excoriated surfaces 
should be anointed or dusted with 
boric acid or aristol, and any needed 
treatment given to the nose, throat, 
and middle ear. 

FOREIGN BODIES in the ear are 
not common or important except as 
furnishing to incomi>etent and rash at- 
tendants opportunity for improp)er and 
sometimes most injurious interference. 
This should be carefully avoided. 
Let alone, none but gunslx>t missiles or 
living insects can often occasion the 
slightest damage, except as forming 
nuclei for subsequent collections of 
cerumen. 

It is the injury inflicted in efforts 
to remove them that is responsible 


for numerous untoward results, occa- 
sionally fatal. Rarely will any such 
object be thrust primarily beyond 
the cartilaginous portion of the canal, 
whence its extraction by any competent 
nietho<i should be easy. It is only after 
family or friend or incompetent medi- 
cal man has jiressed it deeper, and too 
often wounded or irritated to marked 
swelling the tissues about it, that 
the condition assumes any imjx>rtancc. 
Then the panic which assumes that it 
“will certainly go to the brain” must 
first be allayed ; the ])atient quieted to 
bear examination, which previous abuse 
has taught him to dread, and the 
ground clearly taken that the intruding 
mass will be at once removed only if 
this can be safely done. To counsel 
delay after failure is apt to seem a 
reason for immediately seeking another 
and more vigorotts attendant. Careful 
examination should first be made to de- 
termine the presence of the alleged for- 
eign body, and this should begin with 
the other ear, not only that the con- 
figuration of the ])arts may be noted, 
but because in the excitement one ear 
may be receiving attention belonging to 
both or to the other alone. If there is, 
in fact, a Ixxly to be removed, the 
syringe and water of about 105° F. 
(40.5° C.) should be used as above 
directed, and, unless there has been 
very bad mishandling, there is likely 
to be little difficulty in washing out 
the intruder. 

Should there be firm impaction in the 
bony canal or such swelling of the soft 
parts as to defy this procedure, it is 
best to use the water hotter still to re- 
duce the inflammation and then to wait 
until the conditions are more favorable. 
Urgent symptoms may forbid this de- 
lay; then if vigorous syringing is un- 
availing, other instruments, such as a 
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fine loop of wire or a blunt hook, may 
be tried in skillful hands, usually under 
general anesthesia, unless the patient is 
in perfect control. All but specially 
adapted forceps are commonly worse 
than useless and apt to force the body 
deeper. The agglutination method may 
suit those' who fear to use water lest it 
swell some bodies and cause seeds to 
germinate before they can be removed; 
but hours can rarely be spent over such 
matters. ]f the ])ody really needs re- 
moval it is safer to lay the soft parts 
forward by a free incision behind the 
auricle, and in tlie shorter and wider 
naked canal to use efficient leverage or 
lx>ld chiseling to free and extract the 
mass. The injury thus surgically in- 
flicted should be healed in a week ; what 
will be done in blindly groping in the 
depths of the ear may never be re- 
paired, and the life as well as the hear- 
ing may be sacrificed by such “con- 
servatism.'" 

If after syringing vainly an im- 
pacted seed it is decided to wait for 
reduced inflammation, a few drops 
of carbolated glycerin will serve as 
a sedative astringent and will de- 
hydrate the seed as much as hours 
of syringing could swell it. So 
the science of those who syringe 
with substitutes for water is as wasted 
as that which Aerated up leaden shot 
with mercury instead of turning the ear 
down to let them fall out. Gravity can 
often be utilized in thus inclining the 
head, and gentle rotary rubbing in 
front of the ear will often coax out the 
foreign body. An air-douche with the 
Politzer bag or other means will 
sometimes best remove light substances, 
proving as efficacious as the old-fash- 
ioned, but reprehensible, “box on the 
ear"" which has sent many a cherry- 
stone or pebble flying out across the 


room. The ear should be directed 
downward, drawn straight, and relieved 
of any pressure of the jaw-condyle by 
opening the mouth. 

OTOMYCOSIS, or the growth of 
aspergillus or other molds in the audi- 
tory canal, is a rare affectidn, practically 
an eczematous inflammation with this 
infection as an accidental sequence and 
persisting irritant. Such organisms 
cannot flourish in a dry ear. It should 
be well cleansed and rigorously mopped 
with hydrogen dioxide, best that con- 
taining 60 per cent, alcohol, then dried 
with all thoroughness, and dusted with 
boric acid. Instillation of borated alco- 
hol may precede this last, if it docs not 
irritate too much, in the very rare in- 
stances when a few repetitions of this 
procedure fail of complete success, 
some of the many other commended 
drugs may ])e tried. .'\s the growth 
may have penetrated deeply into the 
epithelium, no single treatment can be 
/trusted to have destroyed every hypha 
and spore, and a non-mycotic eczema 
may remain to be cured, and here 
silver nitrate is often our best anti- 
septic and astringent. 

To extract a foreign body, the writer 
inserts into the canal 1 or 2 small 
gauze drains, pours into the canal 
melted ambrine, and applies a cold 
compress. Traction on the gauze then 
brings out the ambrine with the foreign 
body embedded in it. De Kerangel 
(Rev. de laryn., iv, 145, 1922). 

HYPEROSTOSIS.— Exostosis and 
hyperostosis are generally self-limit- 
ing affections, very rarely in America 
calling for operation, but sometimes 
due to a hidden suppuration which 
they seriously complicate, and other 
new growths are too infrequent to 
call for special discussion. 

B. Alexander Randall, 
Philadelphia. 
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EYELIDS, DISEASES OF THE. 
^INFLAMMATION OF THE 
EYELIDS. (See Blepharttis, vol- 
ume i.) 

INJURIES OF THE EYELIDS. 

The lids may be the scat of all kinds 
of injuries, and, on account of the 
looseness of the skin over the over- 
lying- tissues, edema and ccchymosis 
are usually present. 

Abscesses of the lid give rise to a 
localized red swelling, associated with 
more or less edema and hy])eremia of 
the entire lid and the conjunctiva lin- 
ing it. Throbbing pain in the eye and 
head and some fever aeconij)any its 
formation. Abscess of the lid is usu- 
ally the result of traumatism, but may 
be secondary to periostitis or caries 
(T the margin of the orbit. 

Treatment. — Jf there be a solution 
in the continuity of the lid, the edges 
of the wound should be carefully ap- 
proximated with sutures and eva])- 
orating lotions, like dilute lead water 
and laudanum, should be applied. 
Simple ccchymosis of the lids, usually 
designated as “black eye,” should be 
treated with ice-compresses and lead 
water and laudanum. When an ab- 
scess is present, hot fomentations are 
useful until fluctuation is detected. 
An incision should then be made intt) 
the abscess parallel to the muscle- 
fibers. 

HORDEOLUM (STYE).— Hor- 
deolum is a circumscribed purulent 
inflammation situated at the follicle of 
an eyelash. At first there is a hard 
swelling, with more or less involve- 
ment of the entire lid. A yellow head 
soon caps the little tumor, and, if al- 
lowed to go on, this will break open 
and the contents be discharged. There 
is usually a feeling of great tension in 
the lid until the abscess is opened. 
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and there may be slight febrile dis- 
turbance. 

Hordeolum is found chiefly in the 
young, especially in anemic girls, 
where it is the exjn*cssion of a consti- 
tutional disturbance- Habitual con- 
st i})ation has been assigned as a 
common source of the inflammation. 
When associated with boils, etc., the 
urine should be tested fin* sugar, espe- 
cially in adults. Uncorrected ame- 
lro])ia is a frecpient cause. 

Treatment. — The inflammation may 
at times be alxn'ted in the earliest 
stages by hot boric lotion, by massage 
with yellow oxide of mercury, by ap- 
plications of silver nitrate, or by paint- 
ing the swelling with collodion. Tf 
this fails, supimration should be en- 
couraged by hot applications, and a 
free incision be made as soon as pus 
i.s suspected. Sulphide of calcium in 
ternally is fre(iuently of service. The 
o])sonic index of the blood against 
staj^hylococci may be taken. It will 
often be found abnormally low; in 
these casts staphylococcic vaccines 
should be tried. 

Suction hyperemia for .styc.s and fur- 
uncles (»f the lids may be applied by 
means of a rubber ball and gla.ss cups. 
J]n])j)e (Miincli. med. Woch. Nu. 40, 
190(>). 

'J'hc writer has found tbc most 
sali.sfaclory trealinenl to be the fol- 
io win With a small pair of forceps 
pull out each hair which .shows a col- 
lection of pus, or even a red spot, at 
its root. Direct the patient to apply 
from ten to thirty times a day a 
collyrium prepared as described later. 
If examined aj^aiii in a few days, the 
inflammation as a rule will have 
ceased; hut if any pustule is then 
seen, immediately pull out the eye- 
lash, and continue the applications as 
before. Ordinarily, everything will 
have been finished in three or four 
weeks, and new hairs will rapidly 
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take the place of those epilated. The 
remedy used is a combination of as- 
tringents, known formerly as lapis 
divinus. The formula, given by Sa- 
bouraud, is: — 

B Potassium nitrate. 

Copper sulphate, 

Alum aa 100 Gm. (.T/fj ounces). 

Camphor 5 Gm. drams). 

M. Form into pencils. 

A solution of this may be made 
with rose water of the strength of yi 
per cent. Sabouraud (La Clinique, 
June 14, 1907). 

During the acute stages hot appli- 
cations are advised. As soon as the 
acute stage has somewhat subsided, 
the writer applies locally: — 

B Tincturtp arnicce 16 Gm. (3ss). 

Tinctura: opii, 

Liquoris plumbi sub- 
acetatis dil aa 8 Gm. (3ij). 

Aqu<c destil., . 90 Gm. (3iij)* 

M. Sig.: Apply locally by means of 
absorbent cotton at bedtime. 

After the disappearance of the stye 
for a period of four weeks, the fol- 
lowing ointment is employed: — 

B Hydrargyri 

chi arid i cor- 

rosivi 0.008 Gm. (gr. %). 

Petrolati albi .. 8.0 Gm. (5ij). 

M. Sig.: Externally. 

This should not be merely smeared 
over the lids, but be applied with 
gentle massage every night. Prior to 
the application of this antiseptic oint- 
ment hot compresses should be ap- 
plied to stimulate the circulation of 
the margin of the lids. Brav (N. Y. 
Med. Jour,, Sept. 18, 1909). 

The writer recommends treatment 
with vaccines in preventing relapses of 
stye. He uses preferably a stock sta- 
phylococcus vaccine, as an autogenous 
vaccine can be obtained only after 3 
or 4 days. Two or 3 injections are ad- 
ministered, 1 every third day. In 18 
cases out of 20 the folliculitis of the 
lid disappeared, while in 2 instances 
relapses have persisted. G. Cousin 
(Paris med., Sept. 6, 1924). 


CHALAZION. — Chalazion is a hard 
swelling which forms in the lids in 
connection with a Meibomian gland. 
It varies in size from the head of a 
pin to a large pea. Suppuration may 
occur, and the viscid contents of the 
tumor be discharged on the conjunc- 
tival surface of the lid, or the growth 
may be wholly absorbed and disap- 
pear. As a rule, it causes but little 
pain; rarely, however, it takes an 
acute form, when the symptoms re- 
semble those of hordeolum. 

Chalazion originates in a chronic in- 
flammatory process in the connective 
tissue surrounding a Meibomian gland, 
especially where there is uncorrected 
ametropia. The condition usually 
occurs in adults. 

Treatment may be either abortive 
or radical. The former is rarely suc- 
cessful, but massage of the growth 
may be tried, using an ointment of 

yellow oxide of mercury or iodide of 
cadmium. 

The radical plan consists in the 
removal of the growth by operation, 
either from the skin or conjunctival 
surfaces. If the tumor shows evi- 
dence of having broken down, it had 
better be removed from the latter sur- 
face. This is accomplished by means 
of a vertical incision into the growth 
with a sharp scalpel, after thorough 
cocainization of the conjunctiva, and 
the removal of the contents of the sac 
with a small curette or scoop espe- 
cially constructed for this purpose. 
If, on the other hand, the growth is 
large and firm, and gives no evidence 
of having undergone degeneration, it 
is better to remove it from the skin- 
surface by means of a formal dissec- 
tion. For this purpose it is customary 
to control the hemorrhage by means 
of a clamp which includes the field of 



727 


EYELIDS. DISEASES OF "(POSEY). 


operation in its area, and to insert 
several stitches after the tumor has 
been excised. Care should be taken 
that all of the growth be removed. 

The writer first removes part of the 
covering of the chalazion with scis- 
sors. A 10 per cent, solution of 
cocaine is rubbed well into the everted 
lids, and the incision made converted 
into a triangular opening by means of 
scissors. Cocaine solution is then 
applied in the cavity, the contents 
curetted, and the cavity cauterized 
with trichloracetic acid. After irriga- 
tion with sodium bicarbonate solu- 
tion, hot, moist cloths are applied. 
Wickliffe (Ky. Med. Jour., Aug., 1914). 

The important thing in the incision 
and curetting of a Meibomian cyst is 
to split the cyst from its conjunctival 
surface in the long axis of the gland 
to and through its opening on the 
free border of the lid. John Dunn 
(Arch, of Ophthal., Jan., 1919). 

CUTANEOUS DISORDERS OF 
THE EYELIDS. 

ECZEMA. — Eczema is one of the 
most frequent of palpebral aflfections ; 
it is usually met with in children in its 
moist form (crusta lactea). It is gen- 
erally secondary to phlyctenular con- 
junctivitis, and results from the con- 
tinued irritation of the lids by the 
profuse lachryination incident upon this 
form of conjunctivitis. A similar 
eruption is seen in adults, especially 
in the lower lid, when the lachryma- 
tion is secondary to lachrymal disease 
or catarrh of the conjunctiva. 

Treatment. — Removal of the scabs 
with a warm solution of bicarbonate 
of potassium without provoking any 
bleeding is advisable. After the lids 
have been thoroughly dried, a solu- 
tion of silver nitrate, 20 grains (1.3 
Gm.) to the ounce (30 Gm), should 
be carefully applied to the raw sur- 
faces. The lid should then be covered 


with an oxide of zinc ointment. 
Either the plain ointment may be 
employed or one consisting of equal 
parts of oxide of zinc and vaselin 
to which 20 grains (1.3 Gm.) of 
calomel have been added. A mix- 
ture of tragacanth, 5; glycerin, 2; 
aquae dcst., ad 100, is of service in 
the treatment of fissures on the an- 
gles of the lids in scaly and moi.st 
ezeemas of the latter. 

HERPES ZOSTER OPHTHAL- 
MICUS is an inflammatory affection 
of the skin, characterized by tlic for- 
mation of vesicles along the terminal 
expansions of the supraorbital division 
of the fifth nerve, and sometimes its 
nasal branch, and more rarely the in- 
fraorbital division of the same nerve 
as well. The vesicles are generally 
grouped together and have an in- 
flamed base. At first they contain a 
limpid fluid, but this soon becomes 
clouded; the vesicles then dry up and 
form scabs, which fall off and leave 
deeply pitted scars that persist during 
the remainder of life. As a rule, the 
appearance of the vesicles is preceded 
by severe neuralgic pain in the course 
of the affected nerve-branches, and 
there is some fever. The pain gen- 
erally subsides with the efflorescence 
of the vesicles. The eyeball is some- 
times implicated, cither in the form of 
a keratitis, iritis, or iridocyclitis. Al- 
though the intraocular tension is not 
infrequently somewhat diminished in 
the early stage, I have noted the oc- 
currence of the disease with acute 
glaucoma. 

It usually occurs in the old and 
feeble, although it has been seen in 
young and healthy individuals. 

Treatment is wholly symptomatic, 
and consists in sedative local applica- 
tions of lead water and laudanum, or 
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in dusting rice starch over the affected 
areas. Morphine should be adminis- 
tered internally for the relief of pain, 
and .tonics should be directed toward 
building up the system. For the 
severe neuralgia which frequently re- 
mains after the subsidence of the in- 
flammation, croton-chloral hydrate, in 
doses from 5 to 10 grains (0.3 to 0.6 
Gm.) every four hours, and the use 
of a mild galvanic current have been 
highly recommended. Any ocular in- 
volvement must be combated by the 
proper remedies. The affected eye 
should be protected by a bandage. 

TUMORS OF THE EYELIDS. 

CARCINOMA of the eyelids takes 
the form of rodent or Jacob's ulcer, oc- 
curring in adults, and characterized by a 
slowly progressive, but destructive, 
ulcerative process, by which the lids 
and the neighboring tissues are grad- 
ually consumed. T'he first appearance 
is that of a pimple, usually at the in- 
ner canthus, which becomes indu- 
rated and covered by a scab. 

Treatment should consist in the 
early and cornplete removal of all the 
diseased tissue by dissection, followed 
in some cases by the application of 
chloride of zinc or even of the actual 
cautery. Considerable improvement 
and even cure have followed the use of 
radium, and this plan of treatment 
may be essayed for a time in cases 
where the rodent ulcer has destroyed 
much tissue. 

XANTHELASMA. — Xanthelasma 
are yellowish or buff-colored plaques, 
which are occasionally found upon the 
eyelids. These patches are slightly 
raised above the surrounding skin, and 
are frequently semicircular in shape. 
They are often symmetrical, and have a 
predilection for the inner part of the 


upt^r lids. They are more common in 
women than in men, and occur in adult 
life as a result of hypertrophy of the 
sebaceous glands, with subsequent fatty 
degeneration of the subcutaneous con- 
nective tissue. 

Treatment. — As these growths have 
no significance other than a cosmetic 
one, they should not be interfered with, 
save when they are large and disfigur- 
ing, in which event they may be re- 
moved by careful dissection, or by 
electrolysis. 

Palpebral tumors may also be made 
to disappear by repeated applications 
of a solution of monochloracetic 
acid. 

MOLLUSCUM CONTAGIOSUM. 

— This consists in a white tumor, vary- 
ing in size from the head of a pin to 
that of a pea, that fonns in the skin of 
the lid. The disease begins in a seba- 
ceous gland, and is found chiefly among 
badly nourished children. 

Treatment. — Treatment consists in 
incision and touching the interior of 
the growth with solid nitrate of 
silver stick after squeezing out its 
contents. 

PAPILLOMATA, SARCOMATA, 
AND EPITHELIOMATA are all 

found on the lids, but, as they have 
no characteristics different from those 
which they possess elsewhere, do not 
require detailed study. 

Remarkable case in which a large 
epithelioma beginning at the margin 
of the lower lid and extending across 
the entire cornea completely concealed 
it with, of course, a total blindness 
of the eye. Immediately upon strik- 
ing his head accidentally against a 
tree the affected eye received a vio- 
lent contusion with profuse hemor- 
rhage. When this was arrested the 
man found that he had recovered his 
sight. The cornea was found en- 
tirely uncovered and intact and the 
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remains of the tumor formed a thick 
fringe about the lower border on the 
nasal side. Instead of forming an in- 
tegral part of the cornea the tumor 
was evidently simply superimposed 
upon that membrane, which retained 
its transparency intact. 

A few similar cases have been pre- 
viously reported. It may therefore be 
advisable, in tumor of the anterior 
segment of the eyeball, to make a 
careful dissection to determine the 
condition of the subjacent cornea. 
Dujardin (Clin. Ophth., No. 8, p. 119, 
1908). 

Case of melanotic sarcoma of the 
tarsal conjunctiva successfully re- 
moved, the patient being a man aged 60, 
and a case of subcutaneous leuko- 
sarcoma of the upper lid of a boy, 
aged 5. In this latter case the sar- 
coma continued its fatal course, not- 
withstanding 2 operations and roent- 
gen-ray and radium treatment in the 
course of about 18 months. Satanow- 
sky (Semana iiiedica, July 23, 1925). 

HEMANGIOMATA, OR NEVI, 

occur on the lids in two forms: telan- 
giectases and cavernous hemangioma. 
The former are composed of dilated 
capillaries and take the form of small, 
bright-red or port-wine colored spots; 
the latter consists of dilated and anasto- 
mosing venous spaces in the subcuta- 
neous tissue. They appear as small, 
bluish tumors, and increase in size on 
crying and lowering the head. 

Treatment. — Both forms may be 
removed by electrolysis or by appli- 
cation of carbonic acid snow. 

SYPHILIS OF THE EYELIDS. 

Primary sores are found on the 
margin of the lids, usually at the canthi. 
The first appearance is that of a jumple, 
which gradually breaks down into a de- 
pressed ulcer, with a characteristic in- 
duration of the base. The glands in 
front of the ear and at the angle of 
the jaws are almost always involved, and 


the usual constitutional signs of syphilis 
follow. The contagion is carried to the 
eye, as a rule, by the finger, though in 
some instances it has followed a kiss or 
the filthy custom, practised in some 
conimunities, of attempting to dislodge 
foreign bodies from the eye by the 
tongue. 

Rarer forms which occur in the sec- 
ondary and tertiary stage of the disease 
consist in a marked induration and 
swelling of the entire lid, followed by 
ulceration of tlie margins of the lids 
and the loss of the cilia. Syphilis of 
the lids must be diagnosed from sup- 
purating styes and chalazia, from lupus 
vulgaris, and from chronic cases of 
dacryocystitis. 

Treatment. — Chancres should be 
dusted with finely powdered iodide of 
mercury, or ajiplicalion made to them 
with the black or yellow wash. Gen- 
eral mercurial treatment or arsphen- 
amin should he employed as soon as 
the diagnosis of syphilis is made. 

NEUROSES OF THE EYELIDS. 

BLEPHAROSPASM is an invol- 
untary contraction of the orbicularis 
palpelirarum, and may be either the 
result of irritation of the ophthalmic 
division of the fifth nerve by reflex 
action, as in disease of the cornea, etc., 
or it may he an essential spasm, occur- 
ring in eyes that are perfectly normal. 
A slight twitching in a few fibers of the 
muscle is not unusual in ametropia and 
may he made to disappear by the ad- 
justment of the proper glasses. 

Treatment should aim at the cause. 
In severe cases hypodermic injections 
of morphine into the lids may be 
necessary, or even subcutaneous di- 
vision of the nerve. 

The writers have successfully prac- 
tised section of the facial nerve, fol- 
lowed by immediate anastomosis with 
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the eleventh pair in a severe case of 
this affection, which had been rebel- 
lious to both medical and surgical 
attempts at cure. Section of the 
facial nerve is followed by a tem- 
porary paralysis; the latter soon dis- 
appears. Abadie and Cuneo (Arch, 
d’oph., April, 1905). 

Injections of 80 per cent, alcohol 
combined with cocaine or stovaine are 
a safe, simple, and effective means of 
treatment of obstinate facial spasm. 
The treatment is applicable both in 
simple spasm and in the complicated 
facial tic douloureux. The injections 
should be made at the point of 
emergence of the facial nerve. The 
paralysis which follows the injections 
should cause no anxiety, no matter 
how long it lasts, so long as there is 
no tendency to alteration of the cor- 
nea and the eyes close sufficiently 
during sleep. Valude (Tribune med., 
vol. xli, p. 232, 1908). 

The writer makes subcutaneous in- 
jections of alcohol (30 parts of ab- 
solute alcohol to 60 of sterilized water) 
superficially in the neighborhood of the 
stylomastoid foramen under the skin, 
in the region of the supraorbital nerve 
and of its palpebral filaments, and in 
the distribution of the orbital fila- 
ments of the facial so as to affect the 
orbicularis; the injection is administered 
without an anesthetic. Several injec- 
tions may be given at daily intervals. 
Fumagalli (Annali di oftal., vol. xxviii, 
fasc. 3, p. 162, 1909). 

In a case of idiopathic blepharo- 
spasm, the writer injected drop by 
drop, into the inferior external margin 
of orbit, 2 c.c. (Yi dram) of a 50 
per cent, solution of alcohol, after 
anesthetizing the area 10 minutes 
earlier with an equal quantity of a 
2 per cent, solution of procaine, in- 
jected into the nerve fibers of the 
orbicularis muscle. The blepharo- 
spasm was still absent 3 months later. 
Van Lint (Arch, d’ophthal., Oct., 
1921). 

PTOSIS is a drooping of the upper 
lid over the eyeball, with inability to 
raise the same. When not congenital, 


or the result of thickening of the lid 
from inflammation, it is due to paralysis 
of that branch of the third nerve which 
supplies the levator palpebrse superioris. 
Ptosis is frequently associated with 
palsies of other muscles supplied by the 
third nerve, and when it is an isolated 
symptom suggests central disease. 

Treatment. — If of recent origin, al- 
teratives, such as mercury and potas- 
sium iodides, should be administered 
in high doses; if of long standing, re- 
course must-be had to operative pro- 
cedure. That of Panas is preferred. 
This operation has for its object the 
securing of a connection between the 
lid and the frontalis muscle by means 
of a skin-flap. This flap is obtained 
by inserting a horn spatula under 
the upper lid, and by making a hori- 
zontal incision about 5 mm. above 
the margin of the lid through the 
skin and subcutaneous tissue ; an- 
other incision, parallel to this and 
about 1 mni. long, is made through 
the eyebrow, and is extended as far as 
the periosteum. Two incisions are then 
made at right angles to the first in- 
feriorly ; the flap of the skin remaining 
between the two primary incisions is 
undermined, and the tongue of skin 
drawn up under the bridge and held 
in position there by sutures. 

A somewhat more recent procedure 
introduced by Motais has come into 
favor, and consists essentially in 
making the superior rectus muscle 
available for replacing the levator. 

The writer speaks favorably of 
Motais*s operation, which consists in 
the transplantation of the middle por- 
tion of the insertion of the superior 
rectus to the upper margin of the 
tarsal cartilage. He has performed 
it on five patients. In the majority 
the effect was insufficient; so in two 
the operation was supplemented by 
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the excision of a strip of tissue, 3 to 
4 mm. wide, involving the entire 
breadth and thickness of the lid. In 
all a slight degree of lagophthalmos 
was produced, requiring a strong in- 
nervation of the orbicularis to close 
the lids. Otherwise the cosmetic 
and optic effect was excellent. A. 
Elschnig (Med. Klinik, May 15, 1910). 

lagophthalmos.— H y this 

term is meant an inability to close the 
eyelids. It is either due to paralysis of 
the facial nerve or is the result of some 
conditio-n Avithin the orbit, or in the 
eyeball itself, which causes the globe to 
protrude between the lids. As a result 
of the exposure to wliich the cornea is 
subjected, it frequently ulcerates, and. 
unless proper procedures be inaugu- 
rated, the eye is lost. 

Treatment. — If due to paralysis of 
the seventh nerve, the cornea should be 
protected by carefully bandaging the 
eye during sleep, and by cleansing the 
conjunctival cul-de-sac with frequent 
washings of boric acid solution. The 
primary cause of the paralysis must 
be treated, and* galvanism and hypo- 
dermic injections of strychnine may 
be tried. If the degree of lagoph- 
thalmos be excessive, the bandage 
should be w^orn constantly, and at 
times tarsorrhaphy is necessitated. 
This operation consists in uniting the 
the margins of the lids by means of 
sutures after their skin has been re- 
moved from the ciliary border by a 
sharp knife. 

CONGENITAL ANOMALIES 
OF THE EYELIDS. 

Absence of a part of or all of an eye- 
lid or of both eyelids has been noted, 
though very rarely. Cleft eyelid, or 
coloboma of the lid, has also been ob- 
served — usually in the upper lid. At 
times this deformity occurs on both 
sides. 


Case of congenital coloboma of the 
left upper lid met with in a child 2}/j 
years old. The defect was triangular 
with its base at the ciliary margin, 
its apex about the middle of the lid. 
The margins of the coloboma were 
not provided with lashes. The fis- 
sure was closed by means of a plastic 
operation. The writer says that only 
* 80 or 90 similar cases have been re- 

ported. Meyer (Uerl. klin. Woch., 
May 20, 1907). 

EPICANTHUS. — This applies to 
the development of a broad fold of skin 
which extends from the inner Ixmler of 
the eyebrow to the side of the nose, its 
outer l>order being concave. This anom- 
aly is usually associated with ptosis, 
or drooping of the upi)er lid over the 
globe. 

ACQUIRED ANOMALIES OF 
THE EYELIDS. 

It sometimes happens after injury, 
and especiall}^ after burns, that the 
edges of the lids become united to each 
other. This condition is known as 
ankyloblepharon. If the adhesion oc- 
curs at the outer angle of the lids, 
blepliaropliimosis is said to be present. 

SYMBLEPHARON is a union be- 
tween the lid and the eyeball, and is 
generally the result of a burn or some 
severe inflammation of the conjunctiva 
which has produced great shrinkage of 
the conjunctiva and cicatricial change 
in the lids. "J'he band of union may be 
but a delicate process of connective 
tissue, or the lid may be held down to 
the globe by an extensive cicatrix. 

Treatment. — If the band be but 
slight, it may be severed by ligature; 
but if the attachment be more extensive, 
transplantation of healthy skin into the 
cul-de-sac may be necessary (Teale’s 
operation), or the procedure of Har- 
lan may be adopted. This author 
frees the lid from the globe by care- 
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ful dissection of the band of attach- 
ment, and then makes an incision 
through the whole thickness of the 
lid along the margin of the orbit. A 
thin flap is then obtained from the 
skin below the lid, which is turned 
upward, as on a hinge, so that its 
raw surface is brought into contact 
with the inner surface of the lid, 
while its smooth surface presents to- 
ward the globe. 

The advantage of paraffin plate for 
holding nnicous or Thiersch grafts in 
place in the fornix of the eyelids is 
obvious. It can do no harm to the 
cornea, and it can be built up as re- 
quired to fit any conjunctiva cul-de-sac 
' that has to be lined with a Thiersch 
graft. The graft will adhere to the 
paraffin, so that it can be evenly 
smoothed out on it, and thus perfect 
coaptation is secured between the 
graft and the raw surface of the cul- 
de-sac. To accomplish this, the graft 
.should be thin and large enough to 
cover all raw surface, no suture being 
required. With perfect coaptation 
the graft will have secured a lirm 
hold at the end of forty-eight hours 
and the plate can be removed for 
cleansing the eye. In case of res- 
toration of the socket for prothesis, 
it may be left in place for a consider- 
able time, for the sac can be cleaned 
by irrigation through the holes in the 
plate. If it is so large that there is 
difficulty in removing it, it can be 
cut in two and the suljsequent treat- 
ment continued with a plate that can 
be more easily inserted. The paraffin 
should be hard, with a melting point 
not lower than 150° F. (65.6° C'.). 
The Thiersch graft should be thin 
and cut from the least hairy part of 
the arm or leg, and it is to be trans- 
ferred to the paraffin plate directly 
from the razor. The plate is thus 
covered with the graft; the raw side 
outward is inserted into the new for- 
nix. The author has thus operated 
upon 8 severe cases of symblepharon 
with good results. Wilder (Jour. 
Anier. Med. Assoc., Aug. 25, 1906). 


Blepharophimosis may be cor- 
rected by dividing the outer canthus by 
a shar|) pair of scissors, or by uniting 
the conjunctiva and the skin-surface by 
sutures. 

ECTROPION. — Ectropion, ever- 
sion of the eyelid, may be caused by 
traumatisms, especially burns, the cica- 
tricial contractions drawing its tissues 
outwardly. Muscular or senile ectro- 
pion is seen in the aged, as a conse- 
quence of atrophy of the palpebral por- 
tion of the orbicularis and relaxation 
of the tissues. 

Treatment. — Tn senile ectropion the 
deformity may usually be overcome by 
meatis of Snellen’s sutures. This con- 
sists in burying a suture, which is en- 
tered at two points, one-third of an inch 
distant from each other, in the mucous 
surface of the lid, and passing deeply 
into the tissues Iwtween the skin and 
the mucous membrane. It is brought 
out upon the cheek, where the ends are 
tied over a ]:)iecc of drainage-tube. 

In cicatricial ectro])ion it is necessary 
to include in the incision the scar- 
tissue which has occasioned the ever- 
sion of the lid. If the cicatrix is 
small, Wharton Jones’s operation will 
suffice. This consists in excising the 
cicatrix by means of a V-shaped 
incision. After the edges of the 
incision have been freely loosened 
from the sublying tissue they are ap- 
proximated so as to form a Y. If the 
cicatrix be extensive, or if there has 
been much destruction of the skin of 
the lids and the neighboring tissues, 
transplantation of skin from neighbor- 
ing or distant parts is necessary. 

The writer recommends and de- 
scribes a method which he has em- 
ployed for many years with success 
in entropion and ectropion and some 
other conditions of the lids. It re- 
quires but two instruments which are 
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figured, a short galvanocautery point 
and a lid clamp* lie usually employs 
local anesthesia with 4 ])er cent, 
cocaine on the conjunctival surface, 
but in nervous, sensitive patients it is 
necessary to employ nitrous oxide, 
bromide of ethyl, chloroform, or 
ether. If ether is used it must he re- 
moved before the approach of the 
hot cautery point. The lid clamp is 
adjusted with its straight bar 6 mm. 
from the lid margin. I'he galvatio- 
cautcry point is applied to the sur- 
face with considerable pressure. The 
button on the handle is pressed down 
to turn on the current, while the 
point is quickly pushed through the 
cartilage and as quickly withdrawn. 
The punctures are made 4 mm. from 
the lid margin and separated from 
each other by an intc'rval of 4 mm. 
These should be made on the side on 
which we wish the contraction to 
take place, namely, the conjunctiv^al 
surface in ectropion and the skin sur- 
face in entropion. If necessary we 
can repeal in a few weeks. I'roin 
one to three sittings will accomplish 
as much as would a plastic operation. 
He has seblom seen any reaction fol- 
low, but if there is a little cellulitis 
and tiulTing of the lid, the use <^)f con- 
tinuous ice-pads for a day or tw<» 
will control it. Two f)r three repeti- 
tions are generally recpiired, at inter- 
vals of from two t(J four weeks, ac- 
cording to the case. The procedure 
is perfectly under control. In re- 
peating the operation it is well to 
alternate the punctures, locating the 
second series hetwceii tlu* first. The 
eschar of the cautery causes no dis- 
turbance and usually clears off in 
about a week. Fourteen eases are 
briefly reported, showing the effects 
of the procedure in the class of cases 
for which it is adapted. S. I^. Ziegler 
(Jour. Amer. Med. Assoc., July 17, 
1909). 

A new principle in the treatment 
of ectropion. It consists in shorten- 
ing the tarsus at the temporal ex- 
tremity and then attaching this ex- 
tremity to the periosteum f the tem- 
poral border of the orhit on a level. 


slightly above the lid commissure, if 
the lower lid is affected, and below 
the commissure if the upper lid is 
in fault. It is list'd for atonic ectro- 
pion, hut the principle applies often 
also in cicatricial ectropion; 1 of these 
patients had imdergone b operations 
without slK•ce‘^s. A. i^. Davis (Jour. 
Amer. Med. Assoc., Nov. 18, 1011). 

A detached graft of skin from the 
up]KT lid is 1 ecommended for the 
treatment of cicatricial ectropion of 
the I<»wer lid of the same eye, or of 
the felk^w ii])i)('r lid. Jt is so rem(‘)ved 
as to cause no deformitx’ of the uj^iier 
lid, and when properly imiilanled will 
take and from tlu' start match the 
corres]unidiiig lis.siies in color, texture, 
and pliability belter than any other 
form of graft. J. M. Wheeler (Jour. 
Amer. Med. Assoc., Nov. 19, 1921). 

ENTROPION. — Inversion of the 
e\eli(l, the niai\gin, its lids being rolled 
inward, may lie s/^asmodicr - due to 
overaction of the orbicularis through 
irritation from concomitant disorders, 
conjunctivitis, keratitis, etc., or to un- 
due application of bandages afte. <>j)era- 
lion, — and organic, due to injuries, 
burn.s, ulcers. 

Treatment. — The spasmodic form 
may readily be corrected by excising 
a narrow strip of skin from the lid 
])arallel with its ciliary border. In 
organic entn ij^ioii, on the other hand, 
it is necessary to include the tarsus 
in the operation, as this is usually 
distorted by the previous intlam- 
matiem. 

One of the best procedures for the 
cure of this deformity is that of Hotz. 
This is performed as follows : A trans- 
verse incision from canthus to canthus 
is made through skin and subjacent tis- 
.sues, but, instead of being made near 
and parallel with the free border (as in 
the former methods), the incision is to 
follow the upper border of the tarsus. It 
therefore describes a slight curve begin- 
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ning and ending at a point about 2 mm. 
above the canthus, but being 6 to 8 mm. 
distant from the free border in the center 
of the lid. While an assistant is holding 
the edges of the wound well separated, 
the surgeon lifts up with forceps and 
excises with scissors a narrow bundle 
of the muscular fibers which run trans- 
versely along the upper border of the 
tarsus. The sutures, which are to in- 
clude nothing but the cutaneous wound 
borders and the upper border of the 
tarsus, are then inserted. The first 
suture is placed in the center of the lid; 
the curved needle, armed with fine, 
black, aseptic silk, is passed through the 
lower wound border; there taken again 
in the needle-holder, it is boldly thrust 
through the upper border of the tarsus 
and returned through the tarso-orbital 
fascia just above this border, and finally 
it is carried through the upper wound 
border. One similar suture is placed at 
each side of the central one, and these 
three stitches are usually sufficient 
to draw the skin of the eyelid up toward 
the upper border of the tarsus and 
establish a firm union between these 
parts. This artificial union produces a 
slight tension of the tarsal skin, which, 
however, is sufficient to relieve any 
ordinary degree of entropion. But when 
the lids have been badly contracted — 
when the palpebral aperture has become 
unnaturally narrow or the free border 
of the lid has become entirely merged 
into the plane of the conjunctiva — these 
complicated cases require, in addition to 
the above operation, such surgical meas- 
ures as canthotomy, the restoration 
of the free border either* by grooving 
the tarsus or by grafting. 


DISTICHIASIS AND TRICHI- 
ASIS. 

While distichiasis refers to the 
growth of the cilia along the outer 
marginal portion of the eyelid, trichiasis 
means a misplacement of the eyelashes. 
Both conditions are usually associated 
with entropion, especially when this con- 
dition is the result of chronic inflamma- 
tion of the border of the lids. 

Treatment. — Epilation or removal 
of the cilia by forceps may be tried if 
the stray cilia be not too numerous. 
Electrolysis may also be used in 
similar cases. Usually, however, ex- 
cision of the misplaced cilia with the 
corresponding portion of the margin 
of the lid is necessary. This may be 
accomplished by making a V-shaped 
incision into the lid and by excising 
the flap so obtained, along with the 
truant cilia. 

If the deformity be extensive, trans- 
plantation of the row of cilia is usually 
eflPected, and this is best accomplished 
by the Jaesche-Arlt operation. After 
a Knapp or a Snellen clamp has been 
applied to stop bleeding the lid is 
split in its whole length by a sharp 
knife; a second incision is then made 
through the skin of the lid about 5 
mm. from its free margin and run- 
ning its entire length. A semilunar 
flap of skin is then removed from the 
lid by carrying a third incision in a 
curve the entire length of the second 
incision. The edges of this incision 
are approximated by sutures, and the 
cilia drawn upward away from the, 
globe. 

William Campbell Posey, 
Philadelphia. 
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FORMIC ALDEHYDE, or For- 
maldehyde. — This gaseous compound, 
discovered by von Hoffmann in 1867, 
is produced when a current of air 
charged with vapor of methyl alcohol 
(wood alcohol, or refined wood spirit) 
is directed upon an incandescent 
spiral of platinum wire, or spongy 
platinum. By means of a suitable 
condensing apparatus a liquid called 
formal may be obtained, which consists 
of a solution of formic aldehyde gas 
in methyl alcohol. 

A watery solution of the gas is the 
formalin of commerce, which contains 
40 per cent, of formaldehyde. 

Formic aldehyde is also known as 
methyl aldehyde and oxymcthylene. 

When formic aldehyde is heated or 
strongly concentrated, it is converted 
into a white crystalline powder {para- 
form), which possesses most of the 
characteristics of formic aldehyde, ow- 
ing to its gradual reversion to the 
gaseous state. 

When para form is volatilized it re- 
verts to the gaseous form, but is 
redeposited as a sublimate in the 
crystalline form. Surgical dressings 
and bandages arc impregnated with 
formic aldehyde in this way. The 
term “formaldehyde’' is commonly used 
instead of the more correct term 
“formic aldehyde." 

The writer confirms that the anti- 
bodies, except the antitoxins, are sen- 
sitive to formaldehyde, and in the .same 
way as the Bordet- Wasserinann sub- 
stance. Forssman (C. r. de la Soc. de 
Biol, July 18, 1924). 

A research to determine which 
bacteria tolerate formaldehyde best 
showed that, of the cultures of differ- 
ent strains of bacteria studied, colon 
bacilli and lactic acid baciP* displayed 
the greatest resistance to this very 


active antiseptic, which is a normal 
product of their metabolism. L. 
Mu Her (C. r. cie la Soc. de Biol, Apr. 
11, 1924). 

Experiments on mice showed that 
the toxicity of bacteria was at least 
3 times weaker in dysentery vaccine 
treated with formaldehyde than when 
merely heated, while the immunizing 
power did not seem to be reduced at 
all Experiments in the clinic con- 
firmed in man this reduction in the 
toxicity by the formaldehyde, both for 
dysentery and for gonococcus vac- 
cine. 

Excellent results w^rc obtained with 
the formaldehyde-treated gonococcus 
vaccine in acute gonorrhea. Durand 
(C. r. de la Soc. de Biol, Jan. 30, 
1925). 

PREPARATIONS.— When forma- 
lin (the 40 per cent, solution of 
formaldehyde gas) is heated in a dish 
or vessel, formaldehyde is disengaged 
and, at the same time, jiaraform crys- 
tals are deposited on the interior of 
the vessels. Paraform, or the poly- 
merized form of formaldehyde, is also 
known as paraformaldehyde, para- 
formic aldehyde, trifonnol, trioxy- 
mcthylcne, and dry formalin, and oc- 
curs as a powder or in pastils. It is 
official as Paraformaldchydum, U. S. P. 

Liquor FormaldcJiydi, U. S. P., is 
an aqueous solution of formaldehyde 
which contains 37 per cent, of the 
gas. It occurs as a clear liquid which 
is pungent and irritating to the mu- 
cous membranes. It mixes readily 
with water and alcohol in any pro- 
portion, but the solution becomes 
milky on standing owing to the sepa- 
ration of the formaldehyde from its 
excipient. It should be kept in the 
dark and in a cool place. 

Various convenient preparations of 
these various agents are available in 
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the shops in the form of pastils, 
candles, etc,, which greatly simplify 
their use. 

PHYSIOLOGICAL ACTION.— 

Formaldehyde has an intensely irri- 
tating effect on the mucous mem- 
brane of the eyes and air-passages. 
When injected subcutaneously in 
dogs, Pilliet observed congestion and 
degenerative change in the kidneys, 
liver, and spleen. 

According to Benedicenti formal- 
dehyde is a blood-poison. Intro- 
duced into the body, it causes 
excitement followed by slow asphy- 
xia, and added to the blood outside 
the body it destroys the corpuscles 
and liberates hematin. The last body 
is formed without any preliminary 
change of oxyhemoglobin to reduced 
hemoglobin. 

Formaldehyde appears in the urine in 
only 52 per cent, of patients taking 
urotropin. The reaction of the urine 
is of no importance. Alkalies, taken 
with or in combination with urotropin, 
have no effect on excretion. Urotro- 
pin is practically syniptoniless in an 
average dose. Patients not excreting 
formaldehyde are symptomless, regard- 
less of the amount of urotropin taken. 
L’Esperance (Boston Med. and Surg. 
Jour., Oct. 24, 1912). 

The writer gives the results of ex- 
periments made with Burnafus test for 
formaldehyde in the urine. His interest 
in the subject was aroused by the article 
of L’Esperance on the results of the 
reaction as tested in the Massachusetts 
Hospital. His own results are different 
in many respects from those of 
L’Esperance. Burnam’s test consists in 
a color reaction in the urine of persons 
who have taken hexamethylenaminc. 
The technique is given by L’Esperance 
as follows: “To about 10 c.c. of sus- 
pected urine in a test-tube at body 
temperature is added: (1) of solution 
phenylhydrazin and hydrochloric acid 
(0.5 per cent.), 3 drops; (2) of solu- 
tion sodium nitroprusside (5 per 


cent), 3 drops; (3) of saturated solu- 
tion sodium hydrate, a few drops 
poured along the side of the test- 
tube. As this latter solution diffuses 
through()Ut the urine in the tube, if 
formaldehyde is present (or the urine 
is positive), a deep purplish-black 
color is seen, quickly changing to 
dark green, gradually getting of a 
lighter shade of the same color, and 
finally pale yellow.” When there is 
no formaldehyde in the urine a red- 
dish color appears, changing to light 
yellow. The average time of appear- 
ance of the drug in the urine is 
about one hour after ingestion. It 
continues from four to six hours 
with its maximum at two hours. B. F. 
Jennes (Jour. Amer. Med. Assoc., 
March 1, 1913). 

POISONING BY FORMIC 
ALDEHYDE. — Concentrated aque- 
ous solutions in contact with the skin 
act somewhat like carbolic acid. The 
skin becomes rough and whitish ; a 
sharp stinging is felt if the skin is 
abraded. 

lM)rmaldehyde is a potent poison 
when the solution is .strong or the 
quality ingested large, differing but 
little in the degree of intoxication it 
produces from that of carbolic acid, 
i.e., phenol. 

Fatal cases have been recorded, in 
which the main symptoms were : A 
pricking or burning sensation in the 
pharynx and esophagus. Severe 
epigastric pain, which radiates in 
various directions, repeated vomiting 
of blood-stained mucus, vertigo, 
dyspnea, a weak and rapid pulse, 
unconsciousness — sometimes pro- 
longed and suggesting cerebral apo- 
])lexy — lapsing into coma. The 
symptoms may come on at once if 
the poison is ingested while the stom- 
ach is empty ; or they may be de- 
layed, in so far as the general 
phenomena are concerned, if the 
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blomach contains food. A large close 
may produce death in a few moments. 

Case of poisoning due to swallowing 
a quantity— about 1 ounce (30 c.c.)— <^f 
formalin. There was vertigo, uncon- 
sciousness, and implication of the 
respiratory rather than the circulatory 
system. The predominance of cerebral 
symptoms, leading to early death, gave 
little opportunity for the development 
of signs of irritation of the kidneys and 
the alimentary canal, apart from the 
intense pain in the latter and the initial 
vomiting. Watt (Brit. Med. Jour., 
Aug. 17, 1912). 

The writer observed a case of a 
man of 42 who swallowed 300 Gm. 
(10 ounces) of a 40 per cent, solution 
of formaldehyde on an empty stomach. 
There was intense pain in the stom- 
ach, but no vomiting. The stomach 
was rinsed out an hour after the in- 
gestion of the fluid. There was con- 
siderable vomiting after this, with al- 
most pure blood in the vomit and 
stools, but then the condition im- 
proved for 4 days, when suddenly 
fever developed, with a violent cough 
and death in 6 hours. Necropsy con- 
firmed that the spasm of the duodenum 
had kept the formaldehyde in the 
stomach; the intestines showed no 
signs of injury from it, and the 
changes in the kidneys were slight. 
The writer assumes that the elimina- 
tion of the formaldehyde proceeded by 
the lungs, and the lung tissue was 
injured so severeb^ by this that the 
acutely fatal toxic pneumonia termin- 


was produced. Dold (Klin. Woch., 
July 29, 1924). 

Treatment of Formaldehyde Poison- 
ing. — The most efficient agent to op- 
pose the toxic action of formalde- 
hyde is the official solution of acetate 
of ammonium (the s])irit of Minder- 
erus, with copious draughts of water. 
Ammonia water well diluted, the 
aromatic spirit of ammonia, or one of 
the salts of ammonium, especially the 
above mentioned, al.so in free dilution 
are antidotes. Lavage of the stom- 
ach, followed by the use of demul- 
cents, olive oil, starch water, etc., are 
also beneficial measures. Morphine 
should be given hypodermically to 
relieve the suffering, which is usually 
very intense. 

Large doses of lime water, a pint 
being given repeatedly, used in a marked 
case of formaldehyde poisoning. 
Shortly after taking the first dose the 
patient was able to speak and com- 
plained of very severe burning in his 
mouth and stomach. About fifteen 
minutes later the patient was able to 
walk. He did not get any other treat- 
ment, made a perfect recovery, and 
was perfectly sobered up. S. Fisher 
(Medical Council, July, 1904). 

The writer observed 3 cases of 
poisoning. All recovered. The treat- 
ment consisted of a quart (liter) of 
milk by tube after the stomach lavage 
with diluted aromatic spirits of am- 


ated the clinical picture like an ex- 
plosion as the formaldehyde accumu- 
lated in the lung tissue during the 3 
days after the intake of the poison. 
There had been comparatively slight 
symptoms from the nervous system. 
Vercalli (Policlinico, Mar. 24, 1924). 

Symptoms resembling anaphylactic 
shock were produced by the writer 
with injections of small amounts of 
formaldehyde. If it was mixed with 
serum and left for 24 hours the action 
was weaker. He explains it as direct 
irritation of the endothelial celL. No 
leukopenia nor lack of complement 


monia. Milk of magnesia and strych- 
nine were also given. S. E. Earp (N. 
Y. Med. Jour., Aug. 26, 1916). 

USES IN DISINFECTION.— 

The chief use of formaldehyde has 
been as a disinfectant. It permeates 
everywhere, is cheap and easily 
handled while less dangerous than 
corrosive sublimate. Its actual value 
after infections has been disputed, 
however, and it is now being some- 
what less generally used than formerly. 

In disinfecting a room the doors, 
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windows, etc., must be made perfectly 
tight, as the diffusive power of the 
gas is very high. The gas, which is 
very irritating to the eyes and respi- 
ratory tract, may be generated out- 
side the room in one of the various 
generators to be had, and the gas 
conducted by a tube through the key- 
hole. Some forms of apparatuses 
are operated within the apartment. 
The pastils, candles, etc., available 
in the shops are tlius used. After 
a sufficient amount of gas has 
been set free in the apartment, it is 
left for twenty-four hours. Length 
of exposure appears to be secondary 
to the quantity of gas used. An 
excess is recommended by most au- 
thorities. 

Superficial instruments, bedpans, 
urinals, bedding, surgical dressings 
may be sterilized in small closets or 
in suitable receptacles. Formalde- 
hyde does not seem to affect the 
roloring matter of the wall-paper, 
drapery, or garments (except light 
shades of violet and light red), and 
for this reason it is preferable to 
chlorine as a disinfectant. 

Sodium dichromate used with sul- 
phuric acid, gives results like those of 
potassium permanganate. Formula: 
Sodium dichromate, 10 oz. (300 Gm.); 
saturated solution formaldehyde gas, 
1 pint (500 c.c.) ; sulphuric acid, com- 
mercial, lyj fluidounces (45 c.c.). The 
acid and gas form a stable solution. 
After it cools it should be poured 
over the crystals of sodium dichro- 
mate, spread out in a vessel having 
10 times the volume of the ingredi- 
ents. The process is more rapid than 
with permanganate. S. G. Dixon 
(Jour. Amer. Med. Assoc., Sept. 19, 
1914). 

The writer recommends for disin- 
fection of clothing commercial for- 
maldehyde, poured into a saturated 


solution of potassium permanganate. 
The mixture soon becomes hot and 
gives off abundant fumes which rap- 
idly penetrate the clothing. The 
clothing may be placed in a large bar- 
rel, connected by a tube or pipe with 
a small barrel containing the mixture. 
F. Gand (Presse medicale, March 16, 
1916). 

If the fabrics or utensils can be 
moistened the action of the gas is 
rendered more active. A 1 per cent, 
solution suffices for all purposes. 
After the disinfection is completed 
the rooms should be aired for some 
hours, to rid it of all gas, owing to its 
irritating action on the throat and 
eyes. If the room must be promptly 
reoccupied, as in hospitals, hotels, 
barracks, etc., a 20 per cent, solution 
of ammonia sprayed into the room, 
by neutralizing the formaldehyde, 
rids the air of its pungency. 

The procedure recommended by the 
Maine State Hoard of Health for the 
disinfection of rooms after their use 
by patients suffering from contagious 
disease is as follows: Potassium per- 
manganate and formaldehyde are 
mixed together in the proportion of 
6y!i ounces of the former to each pint 
of the latter, and placed in a vessel of 
considerable size. The room is then 
closed for four hours, when disinfec- 
tion is said to be complete. Two 
pints of the formaldehyde are to be 
allowed to every 1000 cubic feet of 
space. Both on the score of simplic- 
ity and cost the method has much to 
recommend it. (Treatment, Dec., 
1905). 

While urologists have used formalde- 
hyde for the sterilization of sounds and 
cystoscopes, surgeons, obstetricians, and 
general practitioners have failed to 
avail themselves of its valuable proper- 
ties. The experimental researches 
and clinical experience of the writer 
showed it to be in many respects 
superior to the methods of sterilization 
now in vogue. All porous materials 
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placed in a formaldehyde vai)or absorb 
the latter until saturated. At room 
temperature this requires twenty-four 
hours, at the expiration of which the 
material exposed is completely sterile 
and remains so, showinj^ that the micro- 
organisms have been not only inhibited 
but destroyed. l^i)on raising the tem- 
perature of the vai)or to 45° or 50° C, 
sterilization is secured in half an hour; 
55° C. should not be exceeded, as the 
formaldehyde then begins to decom- 
pose. The writers employ this agent 
for routine sterilization. The appara- 
tus consists merely of metallic boxes, 
closing tightly, at a short distance from 
the bottom of which is a tray covered 
with powdered trioxymethylene ; the 
latter, in turn, is protected with several 
layers of fine gauze, which prevent 
particles of the ft^rmaldehyde liberating 
powder from reaching the material to 
be disinfected when the box is heated. 
Surgical iiaraphernalia in daily use are 
sterilized with the wanned formalde- 
hyde vapors, while other material is 
sterilized in the cold, being left in the 
box for forty-eight hours. Rubber 
gloves are in no wise injured by this 
procedure, as they are by boiling or 
steam under pressure. Instruments 
need not be boiled unless they have 
been used in seiitic operations. Suture 
materials not intended for resorption, 
and dressings, including protecti\e silk, 
are easily sterilized without deteriora- 
tion provided they are unrolled. 
Rarthelciny performed b(X) operations 
with all the materials used .sterilized by 
formaldehyde, while F. Gross has done 
1000 celiotomies and a like number of 
radical hernia operations with gloves 
thus treated. 

The results, which were entirely satis- 
factory in these cases, lead the authors 
to recommend the method for wide- 
spread use, owing to its simplicity. 
Gross and Barthelemy (N. Y. Med. 
Jour., from Revue de chir., Jan., 1913). 

Formaldehyde has the property of 
hardening nitrogenous substances of 
the nature of gelatin. This has been 
made use of in the prepare. tion and 
sterilization of catgut. After this 
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method of preparation the catgut can 
be boiled without de.stroving it. 

THERAPEUTIC USES.— Gyne- 
cological Disorders. — In vaginitis 
and catarrhal endometritis a table- 
spoonful of a 10 per cent, solution of 
formalin to a (jiiart of water has been 
found u.sefiil. In gonorrheal vagini- 
tis, good results have been claimed 
from the use of fornialdeliydc. The 
vulva was washed with a 1 : 1000 
solution, and the vagina douched 
through a speculum with a strong 
.solution, varying from 2:10(X) to 
5:1000. If the uterine cavity and 
cervical canal were involved, a 
weaker solution was injected. When 
there is laceration of the cervix, tam- 
pons .soaked in 1 : KXX) of formalde- 
hyde are left for two or three hours 
in the vagina. When fungous endo- 
metritis is presci'.t, the curette must 
be first ai)i)lie(I. The a])plications 
give ri.se to no j)ain, and may be 
used daily, or every second day. 

General Surgery. — Though a 
powerful antiseptic, formalin has 
lieen little utilized in surgery, owing 
to the intense pain ami irritation it 
causes when applied to the living 
tissues. When, however, an excess 
of hydrogen ])eroxidc solution is 
mixed with formalin, a chemical re- 
action takes place which destroys the 
formalin ami completely checks its 
irritating and pain-giving properties. 

J. Clark Stewart (Surg., Gyncc. 
and Obstet., Aug., 1911), taking ad- 
vantage of this fact, applies the liquor 
formaldehyde, U. S. 1\, freely to in- 
fected wounds, leaves it in contact 
approximately one minute, and then 
neutralizes it by the use of hydrogen 
peroxide. It is important, he says, 
that an excess of hydrogen peroxide 
be used, in order that all formalde- 
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hyde shall be surely destroyed. If 
too little peroxide is used the chemi- 
cal reaction is incomplete, and a 
certain amount of formic acid is pro- 
duced, which is an irritant. From 
hospital and private experience with 
this mode of antisepsis, Stewart 
recommends it in the following clini- 
cal conditions: — 

First, in infected wounds, it largely 
supersedes phenol followed by alco- 
hol; it seems no more painful, and 
is decidedly more efficient. Wounds 
are thoroughly mopped out with the 
formalin, and after one minute or 
more if there is no pain an excess of 
peroxide is poured in, and the result- 
ing foamy discharge wiped away. 
Often one such treatment will change 
an infected into a healthy wound, but 
in some the application must be re- 
peated after one or two days. The 
coagulating and hardening action of 
the formaldehyde was not in evi- 
dence, owing probably to its neutrali- 
zation. 

Second, as a deodorant in ulcerat- 
ing carcinoma. A 10 per cent, solu- 
tion of formaldehyde applied by 
means of gauze on the ulcerating sur- 
face, the surrounding skin being pro- 
tected by a thick covering of vaselin, 
will remove all odor and check dis- 
charges; but the author discovered 
that the pure formalin (officially 37 
to 40 per cent, formaldehyde), con- 
trolled by hydrogen dioxide, answered 
the same purpose more quickly and 
with less pain. 

Third, for the control of the fungus 
of sarcoma, with its troublesome 
hemorrhage and discharges. As 
soon as the fungus appears it is 
painted with formalin or cotton wet 
with formalin left in contact with it. 
If the skin is protected there is no 


pain, and the fungus is soon changed 
into a black, leathery mass. After 
the subjacent pressure has increased, 
the sarcoma will burst through the 
hardened portion, and the process 
must be repeated. In some cases the 
hypodermic injection of formalin very 
superficially around the base of the 
fungus seemed to improve the con- 
dition. Care must be taken, both in 
injections and in applications, not to 
allow any surplus to invade the un- 
protected skin. In one case treated 
for fungus in the groin, the fumes 
alone seemed to irritate the scro- 
tum ; protection must be provided. 

Vesical and Urethral Disorders. — 
Lamarque recommends the use of a 
1 per cent, solution for irrigating the 
bladder and urethra and a 3 per cent, 
solution in chronic gonorrhea. In 
hematuria and tuberculous cystitis it 
has also proved of value. 

Fornialclchyrle solution irrigations are 
especially valuable in cystitis asso- 
ciated with ammoiiiacal decomposition 
of the urine, such as occurs with en- 
larged prostate or tumor of the bladder. 
There are marked individual varia- 
tions, however, in the tolerance of the 
vesical mucous membrane to formalde- 
hyde, which arc imlependent of the 
state of inflammation present. An 
acutely inflamed bladder is much more 
intolerant than a healthy one. 

In chronic cystitis and in healthy 
bladders the writer found it practicable 
to use solutions varying in strength 
from 1 : 3750 to 1 : 7500. Occasionally 
a bladder was met with which did not 
tolerate even the latter solution, but no 
cases came under observation which 
would not tolerate a 1 : 12,500 solution. 

It was found the kidney pelvis, in- 
jected by means of a renal catheter, 
would tolerate solutions as strong as 
the bladder. No irritation in the kid- 
ney itself was ever noted after such an 
irrigation. C. F. Burnam (Arch, of 
Intern. Med,. Oct, 1912) 
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Ammonioformaldchyde was found 
by E. L. Keyes, Jr., to he almost a 
specific in some cases of uncompli- 
cated acute catarrhal pyelitis. To 
prove effective it may have to ])e ad- 
ministered in large doses until the 
urine is practically free from bac- 
teria, after which a smaller dose may 
be sufficient. In judging the effects 
of the drug the centrifuge and the 
microscope should l)e employed. The 
dose must not be sufficient to cause 
pollakiuria and dysuria by irritation 
of the neck of the bladder. The 
possibility of such an irritation can- 
not be overlooked even when small 
doses are given. 

Cutaneous Disorders. — Poitevin 
suggests the application of a layer of 
absorbent cotton dii)pcd in a 2 per 
cent, formalin solution and covered 
with an oil-silk or rubl)er bandage 
in parasitic diseases (ringworm) of 
the skin. Its v’^apors diffuse readily, 
even through masses of fatty matter, 
which makes it specially suitable for 
the treatment c)f deeply implanted 
diseased hair, and also for tlic disin- 
fection of the hair-follicles filled with 
sebaceous matter. In case of irrita- 
tion of the skin, the bandage may be 
removed for a day. It has also been 
recommended in cases of psoriasis 
and lupus as a local application. 

Formaldehyde in free solution is 
very efficient as a wash in fetid 
sweating and in colliquative sweats. 

A proprietary preparatit)n termed 
“enformol,” which contains formalde- 
hyde and aromatics, is preferable to 
the plain solution in that it is not 
unpleasant to the patient. 

Insects are readily killed by weak 
solutions of formaldehyde, and an 
easy way to get rid of flip's (which 
are increasingly being associated 
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with infection) is to place 1 dram (4 
Gm.) of the official liquor formalde- 
hyde in a saucer of sweetened water, 
a solution which Hies drink with 
avidity. 

When a watery solution of gelatin 
is allowed to dry in formalin vapor 
the chemical characteristics of the 
gelatin are altered. Ft is no longer 
affected by hot or cold water, nor by 
acids or alkalies. Animal tissues, 
however, have the power of breaking 
up the combination and setting the 
formalin free. When the formalin- 
gelatin, ground to a fine powder and 
mixed with cultures of various forms 
of pathogenic bacteria, was intro- 
duced into animals, the bacteria did 
not develop, and the wounds healed 
without trouble. With this formaline- 
gelatin po7vdcr every acute suppura- 
tion can be stopped in twenty-four 
hours, and wounds made to heal 
aseptically. 

Schlcich has used it in acute sup- 
purative processes, aseptic wounds, 
compound fractures, deep scalp 
wounds and other exposed lesions. 
The wounds were only cleansed 
mechanically, and then thoroughly 
rubbed with the powder. In cases of 
necrotic masses, in old ulcers, etc., 
the formalin-gelatin powder is dusted 
on the wound, and then covered 
with a dressing wet with the pepsin 
solution and the digestive process 
keeps up a continuous supply of for- 
maldehyde vapor for the wound. 
The powder is made by drying .SOO 
Gm. (16 ounces) of purified and dis- 
solved gelatin in the vapor of 25 
drops of formalin. 

Schleich’s formalin-gelatin was 
found of great value by Foote in the 
treatment of suppuration, giving the 
most perfect results in those cases 
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where the cellulitis is moderate and 
the pus abundant. 

Good results from local application 
of formaldehyde are reported by R. 
L. Hammond (Amer. Med., July, 
1912) in verruca (warts), clavus, 
(corns), callositas, nevus pigmen- 
tosus, and cornu cutaneum. For- 
maldehyde of 40 per cent, strength 
was invariably used, undiluted; a 
wooden toothpick or match stick was 
dipped in it and the adherent drop 
applied to the surface of the lesion, 
every three or six hours for two or 
three days. Care was taken not to 
touch the normal skin with the agent. 
After several days, in the case of 
small excrescences, and in about a 
week, with the larger ones, an appli- 
cation having been made three times 
daily, it was found that pain was ex- 
perienced, devitalization of the tissue 
occurred, and, upon discontinuance 
of the applications, the growths desic- 
cated. After exfoliation the under 
surface or dermal layer appeared free 
from the blemish, or, if not, another 
application or two secured the de- 
sired result. If an open sore is pro- 
duced, the author adds, a healing 
ointment of zinc oxide or simple 
cerate is usually all that is needed. 
In the case of small excresences the 
applicator should be whittled to a 
fine point. In extensive callosities 
the remedy can be applied with a 
brush three times daily for several 
days, or until tlie surface becomes 
sensitive ; then tlie applications should 
be stopped and the parts allowed 
to dry, when by soaking the epi- 
dermis with warm water it can be 
tubbed off. This process can be re- 
peated until a cure is effected. In 
cornu cutaneum the horny growth 
should be clipped away as near to 


the dermal attachment as possible 
and the agent then applied as 
often and thoroughly as it can be 
with comfort. Formaldehyde exerts 
a local anesthetic effect ; but this 
does not protect against its own ir- 
ritating action. Large and painful 
warts were, however, removed by its 
aid with much less pain than attends 
their removal by other agents, such 
as nitric acid, zinc sulphate, etc. 

Ophthalmic Disorders. — Formalde- 
hyde has been recommended as a 
disinfectant in ulceration of the 
cornea, the solution generally pre- 
ferred for collyria being 1 ; 2000. 
Stronger solutions should be applied 
immediately to the seat of the ulcer. 

Disorders of the Respiratory Tract. 
— In the treatment of diseases of the 
nose, larynx, and lungs formalde- 
hyde has been recommended by a 
number of observers, in solutions 
ranging from 2 to 40 i)er cent. Al- 
though these rej)orts merit credence, 
the fact remains that the irritation 
produced is such as to deter many 
from using it in preference to other 
means. 

C. Sumner Witherstine. 

Philadelphia. 

FOURTH DISEASE. — This is an 

infectious disease first described by Dr. 
Clement Dukes in 1900. It is thought to 
be to scarlet fever what rubella is to 
measles. According to Cheinisse, it is 
identical with scarlatina variegata. The 
cause of the disease is unknown. 

It was not until the close of the 
seventeenth century that, mainly 
through the researches of Sydenham, 
scarlet fever ceased to be confounded 
with measles, and now, at the close 
of the nineteenth century, rose-rash 
is still confused with measles and 
with scarlet fever. Finally, on the 
verge of the twentieth century, it is 
being discovered that a fourth dis- 
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ease, perfectly distinct from measles, 
rose-rash, and scarlet fever, is to be 
distinguished. But whatever name 
for this disease should be ultimately 
adopted, it should preclude confusion 
with scarlet fever or rose-rash. Clement 
Dukes (Lancet, July 14, 1900), 

In an encampment of the Italian 
army the writer observed 57 cases of 
this disease. Montefusco (Riforma 
Medica, Feb. 21, 1916). 

The “fourth disease*' (Filatow- 
Dukes) undoubtedly exists as a clini- 
cal entity. It should be differentiated 
from German measles by the scarla- 
tiniform rash, and from scarlet fever 
especially by the absence of subse- 
quent desquamation. The name “scar- 
latinella” is suggested. Ilochsinger 
(Wiener klin. Woch., Feb. 11, 1926). 

SYMPTOMS. — The symptoms recall those 
of two diseases, viz., scarlet fever and 
German measles. The incubation period 
varies from about ten days to three weeks 
and prodromes are usually absent. The 
onset is usually abrupt, although malai.se 
and sore throat are sometimes present. 
The rash appears suddenly, covering the 
body within a few hours. The face is 
oftentimes free from the rash. The latter 
is of a bright-red color and is followed by 
slight desquamation, although in some 
cases the desquamation is marked. There 
is usually a slight fever, the temperature 
rarely going above 101® \\ and some 
glandular enlargement is present. 

Summary of 19 cases of a scries of 
this fourth disease: There were 
practically no premonitory symptoms 
and no illness was complained of 
until the rash appeared, but on in- 
quiry admission of general malaise 
was elicited. In 1 case free vomiting 
occurred in the night and a very full 
rash was discovered in the morning. 
This vomiting arose, however from 
his having eaten freely of sweets in 
the evening. The maximum tempera- 
ture throughout his illness was only 

99.6® F. 

The first symptom to attract the 
attention of the sufferer was the rash, 
which in nearly every case was very 
full and quite characteristic of scarlet 


fever. The fauces were red and 
swollen, but occasioned so little dis- 
comfort that complaint was rarely 
made, and the condition was only 
discovered on inquiry or inspection. 
In some cases the skin became merely 
rough; in most instances there was 
free desquamation of small scales; 
while in others the peeling was equal 
to the worst ever noticed in scarlet 
fever. In this fourth disease the 
desquamation bears no relation to 
the intensity of the eruption; several 
of these cases with the fullest and 
intensest eruption were followed by 
very scanty desquamation. The peel- 
ing may continue as long as in scarlet 
fever, although it is apparently in- 
nocuous. The tongue was furred 
throughout, which cleaned as all 
furred tongues do. In no case did 
the tongue peel on the fourth day, as 
is so pathognomonic of scarlet fever 
in both mild and severe attacks. 

The lymphatic glands universally 
were enlarged, hard, and tender, 
sometimes excessively tender. The 
average temperature was 101® F. 
(38.3® C), but it ranged from 99.4® 
to 104.2® F. (37.4® to 40.1® C.). The 
temperature almost invariably became 
normal on the third or fourth day. 
In only 1 case did the pulse reach 
1(X) — a signal contrast to the accele- 
rated pulse of scarlet fever. 

In no instance did albuminuria 
arise, although all the sufferers ex- 
cept 2 were fed freely as soon as the 
slight fever (which occurred from the 
third to the fifth day) had disap- 
peared, and the boys were removed 
from bed as soon as the rash had 
subsided. 

It was impossible to ascertain the 
incubation period in this series of 
case.s, since several of them occurred 
simultaneously. It is believed the in- 
cubation varies from nine days to 
twenty-one days. The duration of 
infectiveness lasts from ten to four- 
teen days or even twenty-one days, 
where efficient disinfection is in 
operation. The continuation of des- 
quamation is apparently of no mo- 
ment as a cause of infection or 
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sequelae. Scarlet fever had not oc- 
curred previously in any instance. 
Eight boys had already suffered from 
rose-rash out of this series of 19 
cases, or 42.1 per cent. Clement 
Dukes (Lancet, July 14, 1900). 

The writer has been able to verify 
Duke’s concluvsions, and from his 
clinical experience noted that the 
disease usually lacked prodromal 
symptoms, with the exception of pain 
in the neck. In some of the more 
severe cases, however, there were 
noted for some hours headache, 
nausea, loss of appetite, pain in the 
back, and occasionally a chill. This 
agrees to rubella very well, but is in 
marked contrast to scarlet fever. 
The eruption is usually the first ap- 
preciable symptom which in the 
course of a few hours covers the 
whole body. This appears in the 
form of a small punctiform, thick 
beset, pale raw red, erythematous 
eruption that is not perceptible above 
the skin. It is also to be seen over 
the face, though here not so plainly. 
According to Dukes the lips and the 
dorsum of the nose are free. The 
pharynx is slightly swollen and in- 
jected. The cervical glands are hard 
and enlarged to the size of a pea. 
Occasionally the axillary glands and 
those of the groin arc enlarged. The 
eruption is of short duration; the 
desquamation is fine and bran-like, 
lasting about fourteen days. Nephri- 
tis is seldom seen following the dis- 
ease. The pulse is not rapid. The 
temperature ranges from 98® to 104® 
F. (36.7° > 40® C.), which is not in- 

creased during the eruption. On the 
fifth or sixth day the patient can 
usually be up and about. In fourteen 
to twenty-one days the danger of in- 
fection is passed. It seems as though 
various clinicians arc divided in their 
opinions as to the condition being a 
disease entity or an abortive form of 
scarlet fever or rubella. Johnson and 
Bo Kay (Deut. med. Woch., Oct. 20, 
1904). 

DIAGNOSIS, — The disease must be 
differentiated from scarlet fever and 


German measles, and may occur with 
either of these diseases. There are no 
sequelae. 

When one or more cases of ap- 
parent mild scarlet fever occur in a 
family giving a clear history of 
former attacks of scarlet fever, 
Dukes’s disease may be suspected. 
Anomalous cases of doubtful diag- 
nosis were exceedingly common 
during a recent epidemic of scarlet 
fever in Chicago, and many came to 
the writer’s attention. There were 
but few cases of rubella, as we under- 
stand that disease. The health de- 
partment reports represent less than 
one-fourth of the epidemic. Twenty- 
four physicians personally interviewed 
admitted having had 478 cases, though 
reporting only 117, the others being 
diagnosable only as suspicious. A. 
C. Cotton (Jour. Anier. Med. Assoc., 
C^ct. 26, 1907). 

TREATMENT. — The treatment is 
purely symptomatic. The diet should be 
light and nutritious. Rest in bed is es- 
sential, especially if there is much fever. 
During desquamation cleansing baths 
should be given and the skin anointed with 
olive oil or cacao butter. H. 

FRACTURES. —DEFINITION. 

— A break in bone or cartilage, either 
partial or complete, is known as a 
‘Tracture.’' 

ETI O LO G Y. — Predisposing 
Causes. — Age . — Fractures are rela- 
tively less frequent in infancy and 
childhood, owing to the elasticity of 
the bones, and in old age, owing to 
the restricted activity of this period 
of life, while the greatest incidence 
occurs about the age of 30. Intra- 
uterine fractures rarely may occur 
from external violence, and multiple 
intrauterine fractures more often re- 
sult from traumatism received dur- 
ing birth, especially from manipula- 
tions by the obstetrician. 

Sex . — Fractures in middle life are 
ten times as frequent in men as in 
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women, and in general, fractures oc- 
cur three times as frequently in men 
as in women, due to the greater vo- 
cational dangers. In infancy and be- 
tween the ages of 50 and 70 the 
incidence of fractures in the sexes is 
about the vsame, but after 70 the in- 
cidence is greater in women. 

Season. — l^'racturcs arc more com- 
mon in the warm months, because 
of the greater exposure due to active 
outdoor work and sports. Fewer 
fractures occur in the winter season, 
although the incidence of fractures 
of the leg from falls upon the ice 
shows a ])roportionate increase. 

Location. — In the order of freciuency, 
the various bones are fractured as 
follows: Radius, humerus, ribs, fe- 
mur, clavicle, fibula, metacarpus, 
tibia, skull, tarsus, phalanges, infe- 
rior maxilla, and patella; the hyoid, 
coccyx, and stertuiin are bones infre- 
cpicntly broken. A])j)roximately 45 
per cent, of the fractures involve the 
upper extremity, 35 per cent, the 
lower, 10 per cent, the trunk, and 5 
per cent, the head (Scannell). The 
curved shafts and spongy ends of the 
long bones of the extremities serve 
to absorb violence and protect the 
body proper, although not infre- 
quently they give way in doing so. 

Occupation. — Hazardous pursuits and 
games prcdi,q)osing those engaged to 
falls, blows, and the like, operative, 
c.g,, in riggers, football players, and 
heavy construction workers, favor 
the production of fractures. 

Pathological changes in the bones 
predisposing to fractures are referred 
to under spontaneous or pathological 
fractures. 

PATHOLOGY.— Classification. 

— A. According to Degree.— 1. Com- 
plete fractures, in which the bone is 


divided in two or more fragments. 

2. Incomplete fractures, in which 
the bone is not entirely divided. 
These include : 

{a) “Circen-stick” fractures, in- 
volving usually the radius, ulna or 
clavicle in persons under 15 years of 
age. The bone bends on the concave 
side and gives way on the convex 
side. 

{b) Fissure, linear, or stellate frac- 
tures, in which there is a splitting 
or cracking, usually involving the 
fiat bones of the skull and rarely the 
bones of the extremities except as a 
part of a complete or comminuted 
fracture. 

(r) Depressed, “pond,” or “gutter” 
fractures, chiefiy involving the bones 
of the skull. 

(d) Splinter fractures, a])ophysis 
fractures are those in which a small 
linear fragment or bony j^rominence 
is torn from the bone. 

I). According to the Line of Frac-> 
iiire. — 1. Transverse fracture, closely 
following the transverse axis, and 
usually found in the lower end of the 
radius, the femur, or in the short 
bones. 

2. Longitudinal fractures, ])roduc- 
ing a split of a long bone — very rare. 

3. Oblique fractures. 

4. Spiral or torsion fractures: 

(a) V-shaped. 

{h) T-shai)ed. 

(c) Y-shaped. 

5. Comminuted fractures, in which 
the bone is broken in three or more 
fragments. 

6. Impacted fractures, in which 
one fragment is driven into the other, 
producing fixation. 

7. Compression or crushing frac- 
tures, occurring usually in the tarsal 
bones or spine. 
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8. Complicated fractures, in which 
there is associated an injury of an 
important adjacent structure, such 
as an artery, nerve, vein» joint, or 
viscus, or extensive comminution, or 
extensive destruction of soft tissues. 

9. Subperiosteal fractures. In most 
fractures there is a laceration of the 
periosteum, although as a rule the 
periosteum is not completely divided. 
Rarely a fracture may occur with no 
tearing of the periosteum, and with 
little primary displacement. These 
fractures may be difficult to recog- 
nize without X-ray study. 

C. According to Location. — Frac- 
tures are classified according to their 
location in the bone, e.g., as fractures 
of the shaft, neck, condyle, tuberos- 
ity, or process, or an epiphyseal 
separation. Articular fractures are 
those relating to joints. 

1. Intra-articular fractures are 
those lying entirely within the joint. 

2. Periarticular fractures are those 
extending close to, but not into the 
joint. The terms intra- and extra- 
capsular are also used, especially in 
relation to fractures involving the 
neck of the femur. 

3. Epiphyseal separation is com- 
mon up to the age of 20, and in cer- 
tain joints may occur to the age of 
25. The separation may be favored 
by pyogenic, syphilitic, or tubercu- 
lous involvement of the epiphysis. 
The fracture runs through the dia- 
physeal side of the ossifying cartil- 
age, and is usually associated with 
a laceration or stripping off of the 
periosteum. The most common lo- 
cations are the upper and lower ends 
of the humerus, lower end of radius, 
lower end of femur, upper end of 
femur, and upper end of tibia. Re- 
covery without deformity occurs, but 


progressive deformity from interfer- 
ence with the growth of the bone is 
to be feared. If infected, the epiphy- 
sis may be destroyed and the joint 
invaded, with secondary arrest of 
growth and ankylosis, or more seri- 
ous infection may necessitate ex- 
cision of the joint or even amputa- 
tion to save the patient’s life. 

D. According to Application of 
Force. — 1. Direct, occurring at the 
point struck. 

2. Indirect, occurring at a point 
distant from that where the force 
has been applied. These are divided, 
according to the form of force ap- 
plied, into bending, torsion, compres- 
sion, avulsion, and bursting frac- 
tures. 

3. By muscular action. 

E. According to the Absence or Ex- 
istence of Exterior Communication . — 

1. Simple fracture — a closed frac- 
ture, one in which there is no open 
wound in the skin — in contradistinc- 
tion to : 

2. Compound fracture — an open 
fracture, one in which there is an 
open wound in the skin communicat- 
ing directly or indirectly with the 
line of fracture. 

F. Spontaneous or Pathological Frac- 
tures. — These fractures may be classi- 
fied according to cause as follows: 

1. Agenetic, as in osteoporosis, a 
congenital familial type of imperfect 
osteogenesis, with an inherited ten- 
dency to fracture. 

2. Atrophic. 

(a) Senile. In old age, central 
rarefaction with absorption of the 
trabeculae occurs, the absorbed bone 
being replaced by fat. The condition 
occurs prematurely in certain per- 
sons. Fracture from this cause most 
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frequently occurs in the neck of the 
femur. 

(b) Dyscrasic, the atrophy of bone 
taking place from prolonged, debili- 
tating disease such as typhoid fever 
or scurvy. 

(c) Disuse. Prolonged immolnl- 
ization or lack of use is followed by 
atrophy of the bone. 

(d) Neurogenic. In tabes, syrin- 
gomyelia, paresis, si)ina bifida, and 
after division of the peripheral 
nerves, atrophy of bone favoring 
fracture may occur. 

(c) Pressure. An adjacent aneu- 
rysm or tumor, or other substance 
continuously pressing u])on a bone, 
may lead to its absorption and final 
fracture. 

Pathologic Changes. — { a ) fragili- 
ias ossiiim occurs in children and dis- 
appears in adult life. Repeated or 
multiple fractures occur without im- 
j.airment of the reparative function, 
so that the fragments usually 
])romptly unite. 

(b) Osteomalacia generally occurs 
in women, in association with preg- 
nancy, the bones tending to soften 
and bend rather than suffer complete 
fracture. There is a marked de- 
ficiency in the mineral constituents 
of the bones. 

(c) Rickets is associated with soft- 
ening of bones, due to deficient min- 
eral matter. The long bones, par- 
ticularly the tibia, femur, and ribs, 
become bent and distorted. In 
.scurvy-rickets, the epiphyses or the 
epiphyseal junctions are chiefly af- 
fected, 

{d) Inflammations of Bone . — In pyo- 
genic osteitis and osteomyelitis, dur- 
ing the period of separation of the 
sequestrum, a marked weakening of 
the bone favoring fracture may be 


present. Central abscesses of bone 
occasionally result in fracture. The 
gummatous lesions of syjihilis in the 
bone favor fracture. Fracture from 
syphilitic disease is much less com- 
mon than from tuberculosis, and 
rarely involves the diaphysis. 

(r) Tumors of Bone . — Sarcomas 
causing fracture are usually prim- 
ary, and begin in the medulla. Re- 
union does not occur. Carcinoma of 
the bone is generally secondary, the 
primary growth being usually in the 
maminarv gland, uterus, ])rostate, 
stomach, or other organ. Tdie bodies 
of the vertebrie, the upper and lower 
ends of the femur, the upjier end of 
the tibia, and the clavicle, are the 
localities most frequently involved. 
Jf immobilized, the fragments will 
at times unite. 

(/) Myelomas and Neoplastic Bone 
Cysts, r/r.- -1 lydatid or echinococcus 
cysts of bone in rare cases lead to 
fracture. The diagnosis is made by 
X-ray examination, eosinoidiilia, the 
coni])lement fixation test, or by sur- 
gical exploration. 

Bullet Wounds. — A slowly moving: 
bullet, one almost spent, if it strikes a 
bone will bore through it more or less 
completely and splinter it more or less 
widely in a manner that can be explained 
by the velocity, the anj^le of impact, and 
the quality of the bone; but with a swiftly 
moving, small-caliber bullet, another force 
has to be considered — that of vibration. 
If the vibration imparted to the bone by 
the projectile is such that the point of 
impact of the projectile coincides with a 
nodal point, the bullet will simply pierce 
the bone and no shattering will result. 
But if the point of impact does not coin- 
cide there will be more or less shattering 
at the point and at the extremities 
of the bone, the amount of shattering be- 
ing dependent on the amount of vibration 
imparted to the bone. Now, the qualities 
in the bullet that tend tOi produce vibra- 



748 


FRACTURES (STIMSON AND BABCOCK). 


tion are its momentum (weight and 
speed), which is imparted more or less 
to the bone as the bullet is larger or 
smaller and as its point is harder or softer. 
Consequently the shattering power of a 
bullet increases with its velocity, its 
weight, its size, and its capacity to flatten 
out when it strikes a hard object. Indeed, 
much depends on the energy transmitted 
to the tissues, and the energy of a missile 
is the resultant of the mass of the missile 
multiplied by the square of its velocity. 

In bullet wounds of the cranial cavity, and 
to a less degree of the thoracic and pelvic 
cavities, the amount of damage is, again, 
often dependent on the vibrations pro- 
duced, the waves set up by the passage of 
a solid object through a semifluid medium, 
more or less hermetically sealed within 
an unyielding envelope. Whereas the 
even passage of the bullet does compara- 
tively little damage, the waves of motion 
it produces may suflice to literally blow 
the top of a man’s head off. 

Repair of Fractures. — A fracture is 
followed by the formation of a blood 
clot between and around the frac- 
tured ends, which is soon invaded by 
leukocytes and gradually replaced by 
fibroblasts and osteoblasts. On the second 
day there is a proliferation of the cells of 
the periosteum and bone marrow, and two 
days later the osteoplastic layer of the 
periosteum has been transformed into a 
vascular germinal tissue consisting of 
large polymorphous cells in a homogene- 
ous or librillated matrix. Gradually the 
germinal tissue becomes differentiated, 
patches of osteoid and occasionally chond- 
roid tissue appear, unite into trabeculje 
and later are transformed into bone. At 
the end of the second week the extremi- 
ties of the fragments are covered by a 
multitude of young osteophytes and oste- 
oid trabeculae which show the greatest 
proliferation close to the fracture about 
the periosteum {periosteal callus) and the 
endosteum {myelogenic callus). By the 
end of the second or the third week the 
gap is bridged by trabeculae, and between 
the bones the so-called intermediary cal- 
lus is formed. The forms of callus are 
commonly termed: 

(a) The sheathing, external, or ring cal- 
lus; (&) the internal, central, or pin callus 


and (f) the intermediary or definitive 
callus. 

Callus formation is greatest about the 
diaphysis of long bones, less in the epiphy- 
seal ends of small bones, in small can- 
cellous bones, and in flat bones, such as 
the scapula and the bones of the skull. 
In the skull, usually no callus appears 
above the surface. In intraarticular frac- 
tures, the extracapsular callus is large, the 
intracapsular scant. A joint may be 
bridged by osteophytes, causing ankylosis. 
In incomplete fractures, callus formation 
is much more limited. Absolute immobili- 
zation, slight separation, and slight lacera- 
tion of the periosteum are associated with 
slight callus formation. Complete and 
comminuted fractures, the extensive tear- 
ing of periosteum, splintering, and perio- 
steal displacement favor excessive callus 
formation. Widely separated splinters 
may not re-unite, may be rarified or ab- 
sorbed, become thickened, necrosed, or 
cause inflammation. 

Ossifuation occurs in from 10 days, as 
for the small bones of the face, to 8 weeks 
in the case of the femur. In association 
with new bone production there is an 
active and progressive absorption of un- 
necessary bone by the osteoblasts. This 
progresses for months, contouring the 
rough edges, reducing the amount of extra 
callus, and at times reopening and restor- 
ing the medullary cavity. 

If the vital energy of the bone-forming 
elements is not sufficient to form bony 
union, the callus remains fibrous. The 
usual causes of fibrous union are systemic 
debility, separation of the fragments, 
faulty immobilization, and the presence of 
foreign bodies — e.g., wire sutures. 

Repair of Compound Fractures . — If 
they heal by first intention their repair 
follows the same course as that of simple 
fractures, but when suppuration occurs 
partly detached fragments that would 
otherwise have lived are cast off, and the 
ends of the larger fragments also die, and 
act often for long periods of time as for- 
eign bodies to which sinuses run, after all 
active suppuration has ceased. In such 
cases the dead bone should be cut down 
upon and removed. After suppuration 
none of the callus goes through a cartilag- 
inous stage. 
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SYMPTOM S.— Deformity.— Un- 
der this head are included all the 
changes in appearance and dimen- 
sion of the injured ])art. Some de- 
formity is always present, dependent 
upon the contusion or laceration of 
the soft parts, or, what is much more 
important, the displacement of the 
bone-ends upon each other. IMost of 
the various dis])lacements can be 
recognized by the eye or finger, but 
if the seat of the suspected fracture 
is covered by a thick layer of soft 
tissues, and especially if the con- 
tusion of these soft parts has given 
rise to a considerable amount of 
superficial deformity, mensuration 
must be resorted to. Measurements 
are best taken from bony points at 
op])osite ends of the bone whose 
fracture is suspected, and the shor- 
tening or lengthening ascertained by 
comparison with the distance be- 
tween the corres])t)nding ])oints on 
the opposite side of the ])ody (cjj., 
the sound limb). Unfortunately, 
however, it is often impossible to 
take measurements with any degree 
of accuracy from two })oints on the 
same bone, consequently the rule 
that must always be borne in mind, 
viz., for a comparison of the meas- 
urements of the sound and the in- 
jured limb these measurements must 
be taken with the limbs in not ap- 
parently, but really corresponding 
positions. Two other sources of er- 
ror are : first, that the length of limb 
in some subjects is normally asym- 
metrical; and, second, that previous 
disease may have affected the length 
of some one of the bones measured. 
Circumferential mensuration of a 
limb is valueless, for the increase in 
circumference of the injured limb, in 
cases where the bone deformity can- 


not be readily made out, is usually 
due more to the effusion of blood 
into the soft parts than the overlap- 
ping of the bone-ends. The deform- 
ity of the soft parts is such as is 
caused by whatever contusion or 
laceration they may have received. 
Generally s])eaking, the swelling in- 
creases for twenty-four to forty-eight 
hours, and then gradually subsides, 
its subsidence being hastened by 
treatment: a fact which is of the 
greatest imj)ortance in reference to 
the application of splints. 

Abnormal mobility and crepitus 
are the two other objective symp- 
toms of fracture and are pathogno- 
monic. In ex])oscd ])ositions the for- 
mer sign may be elicited by directly 
grasping the segments of the bone 
and moving either ui)on the other; 
in other cases {fracture of the surgi- 
cal neck of the humerus) the sur- 
geon must be satisfied with de- 
termining that the motions (rota- 
tion) of one fragment (the shaft) 
are not imparted to the other, as in- 
dicated by the immobility of one ot 
its bony points (the greater tuber- 
osity). Again, abnormal mobility 
near a joint may simulate abnormal 
mobility of the joint itself, and spe- 
cial care be necessary to differentiate 
between fracture and dislocation. 

Crepitus is the grating sensation 
heard or felt when the two rough 
bone-ends rub against each other. 
The intervention of soft parts be- 
tween the bone-ends, of course, pre- 
vents crepitus, which may, on the 
other hand, be simulated by crack- 
ling of coagulated blood, by rough- 
ened joint surfaces, by tenosynovitis, 
and by emphysema. Finally, be it 
especially noted that although ab- 
normal mobility and crepitus are 
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pathognomonic, they are often by no 
means necessary to the diagnosis of 
fracture, and the manipulations 
which they require may be not only 
extremely painful, but also, by pro- 
ducing further lacerations of the soft 
parts, positively harmful to the 
patient. . 

Loss of function is usually present 
to a greater or less degree, and is due 
to the weakness of the part or to the 
pain evoked by motion or pressure; 
but this symptom is liable to ])e mis- 
leading, for, while one patient may 
use a fractured limb with great free- 
dom, another may be totally disabled 
by a mere contusion. In the long 
bones and about joints the deformity 
is usually increased by active mo- 
tion. 

Pain is always present except in 
unconscious patients. It may be 
elicited by direct digital pressure 
ever the line of fracture, in which 
case it gives a very fair idea of the 
location and the line of fracture, or 
it may be elicited by indirect pres- 
sure, i.c,, by crowding the two frac- 
tured ends together by pressure 
against the distal portion of the in- 
jured part. In the latter instance 
the patient will localize the point of 
greatest pain at the site of the frac- 
ture. 

Pain may also be elicited by vol- 
untary motion of the injured part 
against resistance, in which case the 
pull of the ligaments and muscles by 
a mechanism of “cross-strain” will 
cause the patient to localize the 
maximum point of pain in the region 
of the fracture. 

The evidence thus obtained, to- 
gether with a history of injury, is 
often sufficient evidence of a frac- 
ture. Certainly no case presenting 


such pain so definitely localized to a 
given point should be treated other- 
wise than as a fracture. 

Auscultation and Percussion. — 
The percussion note over a fractured 
bone is changed by the interruption 
of vibrations. The interruption of 
the percussion sound waves may also 
be noted by percussing above the 
supposed seat of fracture while ap- 
plying a stethoscope at a point on 
the bone below the fracture. Sec- 
ondary snggillation and hemogenic 
blebs appearing four days to two 
weeks after the injury are suggestive 
of fracture. A black and blue dis- 
coloration back of the lobe of the 
ear, appearing after three days (Bat- 
tle s sign), is strongly indicative of 
fracture involving the mastoid. 

Clinical Picture. — Immediately af- 
ter the accident the torn vessels pour 
out their ])lood into the tissues, and 
within a few hours edema sets in on 
account of the occlusion of the lacer- 
ated veins and lym])hatics and the 
obstruction of others by the pressure 
of the extravasated blood. The tem- 
j>erature may rise a degree or two, 
l)lebs appear on the surface, and the 
tense skin becomes discolored by ec- 
chymoses. The discoloration which 
may appear a few days later, as the 
blood extravasated among the deeper 
tissues makes its way to the surface, 
perhaps at some distance from the 
point of fracture, is a presumptive 
sign that a bone lesion exists. In 
from one to five days — more rapidly 
under appropriate treatment — the 
edema subsides and the swelling is 
reduced to a hard lump, the mobility 
of the fracture becomes less, crepitus 
is no longer obtainable as the frac- 
tured bone-ends become covered with 
granulations, and, finally, after a few 
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weeks abnormal mobility entirely 
disappears and the fracture is said 
to be united. But the patient is not 
yet well. Disease has stiffened the 
joints and weakened the muscles so 
that several weeks or months will be 
required before the liml) regains its 
usefulness, while in cases where the 
proper care of the joints has been 
neglected they may remain per- 
manently stiffened. 

X-ray examination permits of diag- 
nosis of fractures without displace- 
ment of fragments and in which the 
classical clinical signs cannot be ob- 
tained, c.g., fractures of the carpal or 
tarsal bones, the tibial head, the pos- 
terior part of the internal malleolus, 
in fissure fractures of the skull, in in- 
complete fractures of long bones, and 
in sprain fractures. It permits of 
diagnosis in bones palpated only with 
difficulty, c.g,, the ribs under the scap- 
ula, the coracoid process, the pelvis 
and vertebne, the radial head, and the 
neck of the femur. It simplihes the 
differential diagnosis between dia- 
physeal fractures and epiphyseal sep- 
aration. Seth llirsch (Amer. Jour, of 
Surg., Mar., 1918). 

DIAGNOSIS.— The diagnosis of 
fracture should always be made with 
the least possible manipulation. A 
consideration of the patient’s his- 
tory, together with careful inspec- 
tion, gentle palpation, and accurate 
measuring will UvSually suffice. If 
not, gentle manipulation of the in- 
jured part may be made use of for 
the purpose of eliciting abnormal 
mobility or crepitus. To this end 
general anesthesia is of great assist- 
ance by relaxing muscular spasm 
and removing pain; but with these 
safeguards against further laceration 
thus removed, manipulation should 
be doubly gentle. Moreover, a slight, 
gentle movement will often be of 


751 

service when a brusque or violent 
one will fail. 

The X-ray. — Since the advent of 
the X-ray sufficient data have been 
collected to show that an X-ray pic- 
ture is not, in the large majority of 
cases, essential for the diagnosis of a 
fracture, but is an invaluable aid in 
determining the result of any given 
method of reductiim and retention, 
and for the latter purpose should 
never be omitted. Certainly no de- 
lay in reduction should be permitted 
in order to obtain a radiograph. 

In crushing injuries of the hand or 
foot, in fractures about the hip and 
shoulder, fractures of the pelvis, and 
in some injuries to the ankle-joint 
the X-ray is most serviceable in 
making a diagnosis, since the real 
bone lesion may ])e obscured by 
swelling or by the difficulty of find- 
ing any serviceable landmarks. In 
this type manipulation may only 
cau.se us to .suspect a fracture, while 
the X-ray picture will, in the hands 
of experts, give a very clear idea of 
the bone lesion. 

Differential Diagnosis. — Disloca- 
tion. — In dislocations there is re- 
stricted motion where there was 
motion before. In fractures there is 
motion where there was none before. 
Moreover, if, in dislocations the 
range of motion is increased in one 
direction, it is usually diminished in 
the opposite direction, while a frac- 
ture usually gives abnormal mobility 
in all directions. Crepitus is pathog- 
nomonic of fracture. 

The writer defines a fracture sprain 
as an injury of a joint, the result of 
trauma, which involves the breaking 
of a small fragment of bone, and is 
associated with a stretching or tear- 
ing of the ligaments of the joint, or 
the fprcible avulsion of a tendp^ 
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from its bony attachment. It is im- 
portant to recognize a fracture sprain, 
because the prognosis and treatment 
are decidedly different from those ap- 
propriate in common sprain. Final 
results are usually perfect with 
proper treatment, but joint tuberculo- 
sis is liable to develop after this type 
of injury in susceptible patients. 

The treatment consists in adjust- 
ing and immobilizing the joint for 4 
to 8 weeks, according to the loca- 
tion and parts involved. Massage 
and passive and active motion should 
be instituted later than in ordinary 
sprain. A position which will relax 
muscles exerting unfavorable trac- 
tion is necessary for perfect final re- 
sults. Frequent locations of fracture 
sprain are the joints of the phalanges 
of the hand and foot, the styloid pro- 
cess of the ulna, the lower end of the 
radius, the head and neck of the 
radius, the tuberosities of the hu- 
merus, the trochanters of the femur, 
the tibial cartilages of the knee, the 
tips of the malleoli, and the os calcis. 
More unusual are the tearing away of 
deltoid or quadriceps attachments of 
the humerus and the tibia, respect- 
ively, the condyles of the humerus, the 
olecranon, the acetabulum of the 
ilium, the lower end ol the tibia, and 
the astragalus. Sohmer (Journal-Lan- 
cet, Nov. 15, 1920). 

In dislocation the head of the bone 
is in an abnormal position, i,e., the 
bony relationships of the articular 
surfaces are disturbed. 

Contusion. — Position and pressure 
for a few days ought to reduce the 
swelling of the soft parts sufficiently 
to permit a satisfactory examination. 
Contusions of the hip form the ex- 
ception. If even the X-rays fail to 
clear up the diagnosis satisfactorily, 
the only safe treatment is that for 
fracture. 

PROGNOSIS. — The prognosis de- 
pends on many conditions, the ex- 
tent of the injury, the associated 


lesions, and the age and general con- 
dition of the patient. Again, the 
prognosis for certain fractures (cla- 
vicle, Colies's) is far better than for 
others. Among the accidents that 
may imperil the patient's life are 
embolism of a clot from an injured 
vein into the heart or lung, causing 
instant death (see Embolism), or fat- 
embolism, a very rare condition 
which occurs during the first few 
days after fracture. The symptoms 
may l)e those of embolism or shock, 
or there may be more or less charac- 
teristic signs of edema of the lungs. 
Post-mortem examination reveals 
the fact that the pulmonary capil- 
laries are ol:>structed by minute glob- 
ules of fat, which have been poured 
into the gai)ing vessels from the torn 
bone-marrow. If the patient recov- 
ers, the diagnosis of fat-embolism 
cannot be made with any certainty. 

Shuck is a frequent cause of death, 
which usually occurs within the first 
forty-eight hours, and in compound 
fractures death may occur from 
hemorrhage, or later from tetanus or 
septicemia or pyemia. Delirium tre- 
mens is a frequent complication. The 
shock, the withdrawal of customary 
alcoholic stimulation, and the con- 
finement to bed all tend to induce it. 
Besides the customary administra- 
tion of hypnotics, stimulants, and 
nourishment, it is of the greatest im- 
portance to get such patients up and 
about while they are still in the pre- 
monitory stage of restlessness and 
insomnia. They must be gotten out 
of bed at any cost. I have seen this 
expedient succeed in abating an at- 
tack of delirium tremens when all 
other means bade fair to fail. Fin- 
ally, gangrene may result from lacer- 
ation of the main vessels of a limb 
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or from their compression, whether mon consequence of suppuration in 
by the displaced fragments or by a a compound fracture, 
splint unskillfully applied. Stiffness of the joints is, to a cer- 

Local sloughing of the tissues may tain extent, the natural result of the 
occur from the pressure of a sharp immobilization necessary to secure 
point of bone, or, more commonly, union in the fracture, ikit this stiff- 
by extravasated blood. The reduc- ness should be transitory except in 
tion of the fracture, followed by the the old and rheumatic, or unless the 
application of heat and pressure and joints are sprained or involved in the 
the elevation of the limb, constitute fracture. In this last event perma- 
the elements of prophylaxis in such nent bony union of the apposed bone- 
cases, to which must be rarely added surfaces may occur, or exuberant 
incisions for the evacuation of clots callus may interfere with the move- 
or the ligature of bleeding points. inents of the joints. The joints of 

Other early complications are the the fingers, however, are very liable 
secondary compounding of the frac- to remain stiff if they are irnmobil- 
ture by a sharp point of bone, and ized for more than two weeks, esjie- 
the formation of a traumatic aneu- cially if in the pt>sition of extension, 
rism in a lacerated artery. Atrophy of the muscles may be 

Complete recovery may be delayed permanent in old aiul debilitated 
or prevented by exuberant, painful, persons. In whom also spontaneous 
or weak callus. The callus always is dislocations and fragility of the leones 
''exuberant” at first, and may be ex- may result from disease, 
pected to grow somewheit smaller Tumors — primary sarcoma and 
even after bony union has taken secondary carcinoma — may occur at 

place, but experience has proved that the seat of fracture, and secondary 

large masses of callus that impair carcinoma may occur in the epithe- 

function will not disappear in the lium lining of the old sinuses of corn- 

course of nature nor under any medi- pound fractures. 

cal, mechanical, or electrical treat- J Permanent jiaralysis may result 
ment. They must be exposed and from laceration of or pressure on the 
chiseled away, and in this connection nerves. 

it is well to remark that in old cases TREATMENT. — I he treatment 

it may be impossible to tell before of any given fracture must vary with 

operation whether the offending mass the type of the fracture, but in all 

is a badly reduced fragment or ex- cases the result to be desired is a 

uberant callus. Persistent pain in restoration of function as near that 

the callus may be due to pressure of the normal function as is possible 

on a nerve or the inclusion of nerve- under the existing conditions, 

filaments in the callus, or to sup- The first essential in the treatment 
puration about a sequestrum. of all fractures is rest of the frac- 

Weakness of the callus, when it is tured area, and this rest should be 

not caused by undue separation of secured at once on the spot at the 

the fragments or constitutional de- time of the injury by some handy 

bility, is usually due to inefficient form of fixation to allow for the 

immobilization. It is not an uncom- transportation of the patient to a 

4-48 
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place suitable for carrying out the 
detail of fracture treatment. Bind- 
ing the arm to the body, bandaging 
the two legs together, the use of 
branches of trees, pieces of wood, 
etc., may be mentioned for this pur- 
pose. Hasty attempts at reduction 
under unfavorable conditions result 
in failure to bring about proper re- 
duction, and cause the patient un- 
necessary pain, and may also cause 
a simple fracture to become com- 
])Ound. In war surgery, fixation upon 
the field of battle before transporta- 
tion has been found of the utmost 
value, preventing shock, pain, and 
complications from the shifting and 
movement of the fractured bone 
ends. 

When confinement to bed is neces- 
sary the bed should be narrow (a 
single iron bed), the mattress firm 
and any sagging of the mattress due 
to the weight of the patient should 
be prevented by placing a board or 
boards which should rest upon the 
sides of the bed, beneath the mat- 
tress. 

With the patient under favorable 
conditions the next step in the treat- 
ment, unless associated injuries or 
shock demand instant attention, is 
the reduction or setting of the frac- 
ture. Excessive subfascial swelling 
and impaction without development 
are contraindications to immediate 
reduction. Obviously many frac- 
tures, such as fractures of the ribs, 
require nothing but immobilization. 
Reduction may be done by manip- 
ulation, by open operation, or by 
various types of traction apparatus, 
and a judicious selection of the 
method of reduction is a primary 
essential for a favorable result. 

If reduction of the fracture is im- 


possible after the use of morphine 
hypodermically, a general anesthetic 
should be used. The nature of that 
anesthetic must of necessity vary. 
Nitrous oxide and oxygen, ether, and 
chloroform must be chosen or re- 
jected for the same reasons as exist 
in the general field of surgery. In 
children a satisfactory reduction can- 
not be obtained without an anes- 
thetic. 

Certain types of fracture are partic- 
ularly suitable for immediate reduc- 
tion by manipulation, of which one 
may mention Colles's fracture, Pott's 
fracture, fractures of both bones of 
the forearm and leg, fractures of 
the clavicle, etc. Careful palpation 
will readily determine the position of 
the fragments and, by using the more 
superficial bone as a guide, one may 
determine fairly accurately the de- 
gree of reduction obtained. 

Reduction by traction may be used, 
as (1) Traction by weight or weight 
and pulley (see Buck’s extension). 
(2) Traction by suspension (Hod- 
gen’s splint or vertical suspension — 
Balkan frame, etc.). (3) Traction 
upon specially made nails driven into 
the lower fragment and to which the 
extension weight is fastened (Stein- 
mann pin or nail, ice-tongs, or stir- 
rup on os calcis). 

The author’s method consists in 
using a metal extension apparatus ap- 
plied at once, after which the patient 
is allowed to get up and walk. Ex- 
tension is maintained by a hollow 
metal rod into which a solid one 
glides, with a spiral spring. By driving 
pegs into suitable holes the apparatus 
can be made rigid at any desired length. 
The points of support are metal or 
plaster rings passed around the upper 
and lower ends of the fractured bone, 
leaving the joints free. Delbet (Rev, 
de chir., xxxiv, 249, 1915). 
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Give morphine for severe pain. 
Reduce the fracture as soon as pos- 
sible, within 2 hours from the injury, 
under an anesthetic, hiave an X-ray 
taken before reduction, if possible, 
without delaying it beyond 2 hours, 
and always have the plates made 
promptly after reduction. In all frac- 
tures treated by traction the plates 
should be made with the traction ap- 
paratus applied and in full operation. 
If the fracture is plainly irreducible 
or if not properly reduced, other treat- 
ment should be instituted as soon as 
possible. J. M. Hitzrot (N. Y. Slate 
Jour, of Aled., July, 1917). 

The principle upon which the newer 
methods of fracture treatment are 
based is that when the i)roximal frag- 
ment is at physiological rest, this is 
the position in which antagonistic 
muscles have brought it, and it will 
not have much tendency to move in 
either direction. If the upper frag- 
ment is in that position, the other 
fragment can be readily moved. 
Having placed the upt)er fragment in 
the position of ijhysiological rest the 
distal fragment is brought into line 
with it, and then the whole extremity 
can be moved without moving the 
fracture. The use of the overhead 
suspension frame in high fractures of 
the humerus gives uniformly good re- 
sults. After a time the arm is left 
free during the day and put back in 
suspension at night, and in this way 
union is often obtained in 18 or 20 
days. J. A. Blake (Med. Rcc., Apr. 
3, 1920). 

Since the World War, surgeons 
have been using suspension with the 
Balkan frame. When steady traction 
IS necessary to retain the fracture dur- 
ing the application of the splint, the 
Hawley table is good. With suspen- 
sion the Balkan frame is of value, but 
requires .skill in adjustment. In 
Buck’s extension too little weight is 
usually employed. Massage may be 
begun as soon as spasms have ceased, 
and should be repeated every few 
days, as it shortens convalescence. 
W. L. Estes (Med. Rc ., Sept. 4, 
1920). 


The writer refers to the tendency 
to redisplaccment which exists in the 
drying of plaster casts as ordinarily 
applied. To secure better results, he 
advocates a 3-plaster method. The 
joints above and below the fracture 
are first encased, and the plaster al- 
lowed to set. Reduction of the frac- 
ture hy manipulation or traction is 
next effected, and the middle section 
then plastered. Royle (Med. Jour, of 
Austral., Aug. 9, 1924). 

I'lie writer lauds direct leverage for 
the reduction of fractures after a 
reasonable effort at manual manipula- 
tion has failed. 1 'he type of lever 
used is a denial probe with rounded 
end or, if a heavier lever is needed, 
a ’ 4 -inch round steel rod 8 to 12 inches 
long. For insertion of the lever a 
small stab is made with a scalpel at 
the most snitahle point for leverage, 
and the lever then passed between the 
ends of the fragments. Reduction 
having been obtained, a cast is ap- 
plied. anchoring the lever in the posi- 
tion which maintains the fragments. 
Where flnorc*scoi)y is unavailable, trac- 
tion is first made, and then a small 
incision for insertion of the lever and 
the index finger to the bone frag- 
ments. J. H. Al. Thomson (Surg., 
Gyn. and Obst., Sept., 1924). 

For the best results, traction 
should be made in the axis of the 
proximal fragment when it is in a 
position of relaxation. 

For traction, bandages of fabrics 
may be fixed to the skin by various 
glues. The Venice turpentine glue 
or mastic is especially valuable. The 
Heusner and Sinclair glues require 
heating. Glue adhesion is effective 
for two to four weeks, and produces 
skin lesions much more rarely than 
does adhesive plaster. 


Heusner’ s glue: 

Resin 50 

Alcohol SO 

Benzine (pure) 25 

Venice turpentine 5 


This is removable with benzine or alcohol. 
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Sinclairs glue (niodifk‘d) : 


Isinglass 50 

Glue 50 

IVater 50 

Calcium chloride 2 

Tannic acid 12 

Thymol 1 

Glycerin 2 


For use, .melt in water hath and apply with 
palm i)f hand or brush, without shaving; the 
part. It may be removed with water. 

A liml) to which adhesive plaster 
is to be applied for purposes of 
traction should be shaved, wiped 
with alcohol, and the adhesive plaster 
applied, fraction should then be 
made with a sufficient dej^ree of ab- 
duction and flexion to brinj^ the limb 
into proper alignment and maintained 
by a weight sufficiently heavy for 
that particular case. The more 
rapidly extension is produced the 
better; therefore heavy weights 
should be used early. 

Where traction bands cannot be 
applied to the leg, the Sleinmann 
pin, which passes under the tendon 
of Achilles and bears on the os cal- 
cis, or tongs applied to the condyles 
of the femur, may be used. 

The result of such traction should 
be controlled by daily measurement, 
palpation, adjustment of the align- 
ment, and by an X-ray picture with 
the traction apparatus and its acces- 
sories in action during the radio- 
graphing of the fractured area. 

If the above procedures show meas- 
urements and alignment practically 
identical on both sides too much 
stress must not be placed upon minor 
degrees of displacement as shown by 
the X-ray. Should the traction not 
bring about reposition in a w^eek or 
ten days, it should be discarded. 

[The Board of Medical Officers of the 
A. E. F. suggested that with three types of 


wiring, traction and counter pressure 
lixation splints embodying the Thomas 
principle, the Jones cock-up “crab” wrist 
splint, the long interrupted Liston splint 
with adjustable foot piece and anterior 
thigh and leg splint (Hodges type), the 
Cabot posterior wire splint, the wire lad- 
der splint material with light splint wood 
and plaster-of-Paris bandages, and Brad- 
ford frames, the treatment of all bone 
and joint battle casualties could be effici- 
ently carried out at the front and in base 
hospitals. On practical application, 7 of 
these splints were found to fill nearly 
every need. The results obtained in frac- 
tures of war comjiared more than favor- 
ably with those previously obtained in 
civil practice. — VV'. Wavne Babcock.] 

Operative Treatment. — Open op- 
eration is indicated in fractures of 
the patella and the olecranon with 
sej)aralion of the fragments, in frac- 
tures which cannot properly be re- 
duced by other methods, and in ar- 
ticular fractures w^hen the displace- 
ment if uncorrected may seriously 
interfere with the motion of the joint. 

The o])erative treatment of frac- 
tures is more strongly indicated in 
fractures in persons over 15 years of 
age. Below 15 years, good results 
are obtained by non -operative meth- 
ods in most fractures, except those 
involving both bones of the fore- 
arm. 

Primary operations for fracture 
give much better results than de- 
layed or secondary operations, and 
in good hands the mortality is so 
small that it is not an argument 
against open treatment. The eighth 
day after the injury is the best time 
for treating closed fractures by op- 
eration. At this time the tissues have 
largely recovered from the primary 
traumatism and are in condition to 
withstand the added insult of the 
operation, while after the tenth day 
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the parts are set in callus and granu- 
lation tissue, and the ciperalion more 
seriously interferes with the rei)ara- 
tive process. Open ()])crati()ns aim 
at the exact replacement of frag- 
ments, reduction bein^ maintained 
by various devices such as follow: 

A. Wiring . — Aluminum bronze wire, 
on account of its strength and re- 
sistance to corrosion, is preferred. 
Annealed steel wire may be used 
where aluminum bronze wire is not 
available, for althou^i^h it oxidizes in 
the tissues it has strenj^th which sil- 
ver wire lacks. 

B. Nailing . — Nails of homologous or 
heterologous living or boiled bone, 
ivory, bronze, steel, magnesium, sil- 
ver or other metal, may be used. 
Nailing is chiefly emj)loyed to hold 
separated fragments about the joints, 
as in fractures t)f the condyles of the 
humerus and of tuberosities. Nail- 
ing is at times valuable in fixing the 
lower fragment of the iibula in Pott's 
fracture and in holding the frag- 
ments in fracture of the neck of the 
femur. Instead of nails, screws or 
bolts may be inserted in holes ])revi- 
ously drilled to receive them. 

C. Plates , — The bone fragments may 
be fastened together by jdates of 
metal, ivory, or dead or livitig bone. 
Afetal, bone, or ivory t)Cgs, nails, or 
screws may be used to fasten the 
plates in position, and the ])lates may 
be inlaid or dovetailed in the frag- 
ments. The preferred material is 
living bone taken from the same 
patient. Dead bone, ivory and metal 
plates are well tolerated by the tis- 
sues, in the order given. Steel plates 
frequently have to be removed by 
secondary operation, and may delay 
union or produce local irritation. 
They have the advantage of avail- 


ability and case of application, but 
during the last few years have been 
largel}' discarded. Alagnesiuni plates, 
suggested In i’ayr, while absorbable, 
produce adjacent tissue reaction and 
may be expelled, and arc not, as a 
rule, to be advised. P»olls with 
threaded nuts, made of metal, or bet- 
ter, ivory or bone, are at times of 
value. 

Adjustable external ])lates fastened 
to the fragments by screws or bolts 
have been advised by Parkhill, Keat- 
ley, I'reeman and Lambotte, but 
necessitate external communication 
with the area of fracture, favoring 
infection, and are of limited strength 
and soon become loosened, ])ermit- 
ting dis])lacement ; in general, they 
ha\e little to commend them. 

1). Jhuuis. — 1'he band of Parham- 
aMartin is made of annealed steel, and 
is ])assed around the fracture, the 
tongue end being passed through a 
slot at the other end, the band tight- 
ened and clam])ed about the fracture 
by a special instrument, and the sur- 
plus m(‘tal cut aw<iy. 

E. Sliding Bone Inlays. — Jb)ne inlays 
from one of the fragments, or trans- 
])lants taken from the tibia, as ad- 
vised by Albce, produce the least ir- 
ritation and best fulfill ])hysiologic 
indications. Bone transi)lants should 
not be devitalized in their removal, 
and should have living periosteum 
and endosteum attached. They are 
fixed in position by sutures of kan- 
garoo tendon or catgut, or by bone 
pegs or nails. 

F. Strips of periosteum with attached 
scales of bone may be stretched 
across the guj) or wound around the 
fracture ( Cod i villa). 

No fixation is necessary when the 
two fragments can be held in align- 
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ment without it. Only strong catgut 
or kangaroo tendon is necessary in 
cases with slight tendency to dis- 
placement. 

In using inlay grafts as a substitute 
for Lane plates in ununited and fresh 
fractures (especially comminuted 
fractures), the author uses a universal 
motors with a small saw for deep 
cavities, such as laminectomies, his 
twin saw, and a device by which the 
distance between the saws can be ad- 
justed. This outfit is not absolutely 
necessary. In favorable subjects the 
entire graft may retain its viability, 
the inlay method bringing together 
each of the 4 layers: periosteum, 
compact bone, endosteum, and mar- 
row. The bone graft is still more 
efficacious in gun-shot or other frac- 
tures where there is comminution or 
sequestration. In fresh fractures of 
large bones, toi prevent the inlay 
from slipping into the marrow cavity, 
the graft and gutter beds are made 
wider at the periphery. With the 
fragments in proper alignment, the 
graft is usually removed from the 
fractured bone, generally the proxi- 
mal fragment, and then slid distally 
into a groove one-half its length pre- 
pared for it in the distal fragment. 
In the femur the sliding inlay is made 
5 or 6 inches long. In long bones 
with difficulty of fixation, the inlay 
is held by bone graft pegs or heavy 
kangaroo tendon, or both. Albee 
(Med. Rec., Mar. 20, 1915). 

Where there is deformity or over- 
riding, the writer puts in an Albee 
sliding graft, or puts the ends in posi- 
tion with clamps, and then fastens 
them, 2 holes being drilled through 
each fragment in such direction that, 
when kangaroo tendons are passed 
through, they cross each other in the 
medullary canal and hold the ends in 
apposition without slipping. In over- 
lapping or oblique fractures, the holes 
are drilled straight through, the gut 
being passed in and out and tied as a 
mattress suture. Two of these are 
sufficient. Lathrop (Annals of Surg., 
July, 1916). 


Oblique fractures do well on some 
form of encircling wire or band. The 
best is that of Parham and Martin. 
By using 2 bands, spiral fractures 
with comminution may be treated. In 
children the bone grows over the 
band, and includes it. Lund (Surg., 
Gynec. and Obstet., Nov., 1916). 

The use of the autogenous bone 
graft requires great mechanical skill, 
making its routine use impossible ex- 
cept for the specially talented. Its 
use for the average surgeon is re- 
stricted to ununited fractures where 
there is little tendency to displace- 
ment. Use of the Parham band in 
oblique fractures is recommended 
since it is easily applied with the “no 
hand touch” technique, introduces a 
minimum of foreign material, and 
holds the fragments firmly in posi- 
tion. The intramedullary graft for 
transverse fractures is also easy and 
eflfective. For fractures of the neck 
of the femur or humerus the bone 
peg is useful but can often be satis- 
factorily supplanted by the use of a 
long wire nail or skewer to l)e later 
removed. Perfect anatomical reposi- 
tion, especially about joints, is not 
necessarily followed by a good func- 
tional result. E. Fischel (Jour. Mo. 
State Med. Assoc., xv, 291, 1918). 

Describing the use of intramedul- 
lary beef-bone splints in fractures of 
long l)ones, the writer states that such 
splints are easy to apply and afford 
great strength. In applying a long 
intramedullary splint, beef tibia or 
femur a])Out 5 or 6 inches long is 
made into strips Ti inch in diameter 
for the adult femur and % inch in di- 
ameter for the humerus. A hole is 
bored near one end like a needle eye. 
The splint is driven into the medulla 
of the long fragment, eyeless end first, 
and the eye threaded with catgut. A 
hole is then drilled obliquely through 
the cortex into the medulla of the short 
fragment. This hole slants toward 
the break and is placed at a distance 
of one-half the splint-length from the 
fracture. Through it wire is 
threaded, brought out at the end, and 
fastened to the catgut which has been 
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previously attached to the hole in the 
splint. The fracture is then reduced 
and by means of traction on the wire 
and catgut the splint is drawn into 
position. To keep the splint from 
slipping the catgut may he sewed to 
the periosteum. E. W. Ryerson 
(Jour. Amer. Med. Assoc., Ixxiii, 1348, 
1919). 

The writer considers the autogenous 
one graft far superior to plates and 
screws in open operations for simple 
fractures. Stress is laid on the im- 
portance of asepsis. It is recom- 
mended that 2 or 3 inoculations of 
Staphylococcus aureus vaccine be given 
prior to the operation. B. Hughes 
(Lancet, cxcviii, 595, 1920). 

The writer uses ox bone plates in 
his fracture work. The plates arc 
made in various sizes, the length, 
width and thickness being adjusted to 
the requirements of stress for the 
particular fracture in question. W. 
Cunningham (Wis. Med. Jour., Oct., 
1924). 

Splints. — Retention after reduction 
is usually maintained by some form 
of splint. For all practical purposes 
only three types of splints need con- 
sideration, namely, wooden splints, 
molded plaster splints, and circular 
I)Iaster encasement. 

Wooden splints should be long 
enough to include the proximal and 
distal joints, wide enough to prevent 
compression of the liml), and suf- 
ficiently padded to prevent pressure 
upon the skin, especially over bony 
points. 

Molded plaster splints (introduced 
by Stimson) conform most readily 
to the demand for proper fixation, 
strength, lightness, case of inspec- 
tion and removal. They are made by 
measuring the desired length with a 
piece of bandage (Canton flannel). 
Upon this the ordinary roller plaster 
bandage is carried back and forth, 
carefully smoothing each layer of the 


bandage as it is laid until the desired 
thickness is obtained (care should l)e 
taken not to make the splint too 
thick). While still plastic the splint 
should be molded to the limb and 
bandaged into place, avoiding circu- 
lar turns of the retaining bandage. 
The splint rapidly hardens and, if 
properly made and applied, will 
maintain the most cflicient fixation. 
All that is necessary for inspection 
of the fracture is the removal of the 
bandage, for, when hard, the splint 
readily keeps its position — with very 
little assistance during the ])rocess 
of ins])ection. 

Circular plaster encasement is still 
the favorite method with many. Its 
aj)plicatiun must ])e made smoothly 
without compression and all bony 
projections well ])added along the 
.sides so that ])ressure will not come 
upon the skin over the bone. The 
toes and fingers must always remain 
exposed. After its application the 
fingers and es])ecially the toes must 
be carefully watched and, if they be- 
come cold or blue, and the patient 
complains of pain, the cast must im- 
mediately be removed. (Jangrene of 
the leg may result if the above is 
not done. 

If circular plaster is u.sed many 
writers advise cutting down the 
front of the cast while it is still wet 
and before the plaster has hardened. 
When the plaster has become firm 
the cast is held closed by an ordinary 
roller bandage wound about it. 

Adhesive plaster is used in certain 
fractures for purposes of fixation {vide 
Fracture of Ribs, Clavicle, etc.). 

After-treatment. — Massage should 
consist of gentle centripetal stroking, 
and whenever possible without re- 
moval of splints, should be instituted 
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beginning the second day. Where 
the splints are removed, it should be 
begun at the end of the second week 
in fractures of long bones, and at 
the end of the third week in fractures 
of the femur. Such passive move- 
ments of adjacent joints as may be 
carried out without disturbing the 
splints should be started on the third 
day. 

In fractures involving the joints 
passive motion should be used, care- 
fully bearing in mind the fact that 
such motion should be well within 
the limits of pain. It should never 
be forced. Forcible movement under 
an anesthetic should never be done. 
In general, the earlier active and 
passive motion is allowed, within the 
limits of pain, the better the result. 
Obviously no weight should be borne 
by a bone or bones which are not yet 
solid, without additional external 
support. 

Baking with dry heat (160° to 300° 
F.) for one-half hour daily is a great 
aid in treating the joints. Electricity 
for the preservation of muscle and 
bone activity should be used more 
frequently than at present. Both the 
baking and electrical treatment may 
be begun at the end of the second 
week. 

In the treatment of fractures, it is 
important to prevent secondary com- 
plications, including bed sores, pres- 
sure sores, interference with the cir- 
culation from tight splints or ban- 
dages that may lead to muscular de- 
generation and Volkmann’s contrac- 
ture, and the production of static de- 
formities such as drop toe. 

The writer pleads for the use of 
electricity in the treatment of frac- 
tures, basing his opinion on the results 
obtained in 758 cases. He makes 


daily applications of < the anodal gal- 
vanic current as a part of the treat- 
ment. Benefit results (a) with very 
weak anodal currents, (b) with a dis- 
tant cathode, (c) with a wide surface 
of even entry, such as provided by 
water, (d) with the positive pole more 
than covering the whole of any muscles 
involved in the original injury. The 
anodal current is definitely the more 
sedative and soothing. Diathermy is, 
up to a certain point, as successful as 
the direct current. Heald (Brit. Med. 
Jour., Apr. 26, 1924). 

Compound Fractures. — If the wound 
leading to the fracture is small, clean, 
and not contused, as is usually the 
case in compound fracture by indirect 
violence, the wound and any pro- 
jecting ends of bone should be thor- 
oughly cleansed, the skin painted 
with tincture of iodine, the fracture 
reduced with as little enlargement of 
the external wound as possible, the 
wound loosely sutured, and primary 
union expected. In case the wound 
heals aseptically the course is that 
of a simple fracture, but, if suppura- 
tion sets in, the wound must be 
promptly opened up, thorough drain- 
age provided for at dependent points, 
after which the healing is concluded 
under local treatment appropriate to 
granulating wounds. 

If, on the other hand, suppuration 
has already set in or seems inevitable 
from the contusion or the dirty con- 
dition of the tissues, provision must 
be made at once for thorough drain- 
age. The skin should be painted 
with tincture of iodine and the lac- 
erated wound filled with balsam of 
Peru or an iodine-guaiacol solution 
(iodine, 1; potassium iodide, 2; guai- 
acol, 5; glycerin, 100). 

The latter is preferred. After such 
treatment a bulky dressing should be 
applied and the part put at rest. The 
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guide to the investigation of such a 
wound is the temperature. If the 
temperature remains low (101° F. or 
lower) the wound had better be left 
untouched for from five to seven 
days. Of course, in the presence of 
evidences of existing suppuration, 
the surgeon may not hesitate to in- 
stitute the most vigorous antiseptic 
treatment, but in doubtful cases the 
disturbance incident to frequent 
changes of dressing will certainly 
result in suppuration, while the ex- 
pectant treatment may have a hap- 
pier issue. 

The necessity of removing detached 
fragments of bone depends almost 
entirely upon the prospect of sup- 
puration. In a clean wound frag- 
ments that are entirely detached may 
live, while in the presence of pus 
even the ends of large fragments 
will be cast off. 

To estimate the amount of slough- 
ing that will occur I^smarch’s artifi- 
cial ischemia is a safe guide, those 
parts being doomed to which the 
blood does not flow on the removal 
of the bandage. But it is inadvisable 
to attempt any extensive clearing 
away of dead tissue until the bone has 
begun to granulate and the line of 
demarcation has formed. 

In case of doubt it is always safe 
to delay amputation until it is clearly 
impossible to save the limb. Thus 
the patient is given every chance 
and the surgeon may avoid being 
sued for malpractice. 

As to suppurating compound frac- 
tures of the larger bones, they need 
almost never be despaired of, from 
twelve to eighteen months being none 
too long for their ultimate and satis- 
factory recovery. 

The treatment of compound and 


gunshot fractures developed as a re- 
sult of experience in the world war 
is as follows: 

A. Pre-in flammatory Period. — Pri- 
mary or delayed primary closure. 

1. With a small opening and but 
little tissue destruction, the area of 
the wound should be sterilized, de- 
vitalized and dirt-impregnated tis- 
sues debrided with a very sharp 
knife, the marrow cavity curetted to 
a depth of 2 or 3 centimeters, splin- 
ters, foreign bodies and necrotic and 
economotic marrow removed, careful 
hemostasis carried out, the fracture 
reduced, and the ])art immobilized 
and carefully watched. If evidence 
of infection develops, the wound 
should be freely oi)ened, detached 
bone fragments and foreign lH)dies 
removed, and the wound drained 
w'ith a copious wet dressing or by 
the Carrel-Dakin method. Delayed 
])rimary closure should be deferred 
until the fourth day and should not 
be attempted when streptococci, 
staphylococci, or large bacilli are 
found in the wound excretions. Iso- 
lated cocci or diplococci do not pre- 
vent closure. 

2. Cases of extensive local destruc- 
tion of tissue, with or without the 
presence of foreign bodies in the 
wound, should be treated by imme- 
diately sterilizing the area of the 
wound, careful debridement of all 
devitalized tissue, removal of foreign 
bodies, and primary or delayed pri- 
mary closure. In primary closure, 
the wound is closed without drain- 
age. In delayed primary closure, 
debridement followed by packing the 
wound with aseptic or antiseptic 
gauze, or the use of the Carrel- 
Dakin method for four days, is 
availed of. If bacteriologic tests of 
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the wound secretions and the ab- 
sence of wound reaction indicate that 
infection is not present, the wound 
is then closed without drainage. 

B. Inflammatory Period (after 24 to 
48 hours ). — Delayed primary or secon- 
dary closure, 

1. If a localized gangrenous con- 
dition occurs in the soft tissues, these 
tissues should be excised with the 
least possible adjacent traumatism. 
If the gangrenous process is so de- 
structive as to render the limb use- 
less, immediate amputation through 
uninfected tissue should be carried 
out. 

2. Redness, heat, swelling, and 
pain indicate that the condition is 
becoming phlegmonous. The part 
should be freely opened by long in- 
cisions with the sharpest knife and 
with the least handling or trauma- 
tism of tissue. No attempt should 
be made to remove loose fragments 
or foreign bodies, or to debride. Am- 
ple drainage, copious wet dressings, 
and absolute rest arc very important. 
Any extensive operation during this 
stage may result in septicemia and 
death. One should therefore delay 
the removal of foreign bodies, infec- 
tion being under way, until the third 
or suppurating stage has become 
established. During the period of 
consolidation, from three weeks to 
three months after the injury, with 
ah infected fracture, operation in- 
volving the callus is dangerous and 
should be deferred until sequestra- 
tion has occurred. 

3. A delayed primary closure not 
having been accomplished, and in- 
fection being present, the case can 
be considered only for secondary 
closure. The wound is freely opened, 
and after all dead and devitalized 


tissue has been removed, very care- 
fully treated by the Carrel-Dakin 
method. When practical sterility has 
been shown by bacteriologic tests, 
the soft parts are closed over the 
fracture. 

[The successive phases in the treatment of 
compound fractures by modern methods may 
be summarized thus: (1) First 48 hours. 
Primary or delayed primary closure with 
debridement. (2) Acute inflammatory period. 
Simple drainage or amputation only. (3) 
Suppurative period, 2d to 3d week. Opera- 
tion to remove splinters, bone fragments or 
foreign bodies, and to sterilize the wound 
area and prepare for secondary closure. (4) 
Consolidation period, after 1 month. Main- 
tain drainage, but avoid operation until 
sequestration occurs. (5) Localisation of in- 
fection, sequestration and chronic purulent 
sinuses. Separation of sequestra, immediate 
sterilization and closure by the zinc 
chloride or other method. 

The writer’s method of zinc chloride sterili- 
zation, methylene blue color delineation, and 
infected tissue excision will be found 
described in detail in Vol. VIII, under 
Wounds, Septic, Treatment. W. Wayne 
Babcock.] 

PSEUDARTHROSIS, OR DE- 
LAYED OR NON-UNION.— When 
on account of a constitutional taint 
{e.g., syphilis), a drain on the sys- 
tem (pregnancy, lactation), a cachec- 
tic condition, or most commonly an 
imperfect reduction or inefficient 
immobilization of the fragments, the 
fibrous callus which unites the frag- 
ments fails to ossify after a sufficient 
length of time has elapsed, the bone 
formation should be stimulated by 
attention to the patient's general 
condition and such measures as will 
produce local irritation. 

The following methods of treat- 
ment have been employed: 

1. Massage of the overlying skin. 

2. Passive hyperemia after the 
method of Bier. An elastic band is 
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placed around the limb above the 
fracture, sufficiently tight so that the 
part develops a warm, painless swell- 
ing. If the part below the constric- 
tion becomes cold, blue, pale or pain- 
ful, the band should be removed or 
readjusted. This treatment, under 
careful supervision, may be em- 
ployed from four to twenty hours 
daily. 

3. Tapotement. Daily or every 
second or third day the zone of the 
fracture is struck a series of blows 
with a padded hammer. 

4. Local irritation by blistering 
with a hot iron is of very limited 
value. 

5. Irritation of the bone ends by 
rubbing them forcibly against each 
other under an anesthetic, or by the 
injection between the fragments of 
tincture of iodine, Lugol’s solution, 
a 1 to 3 per cent, solution of phenol, 
lactic acid, zinc chloride in ^ to 1 
per cent, solution, turpentine, 3 to 15 
minims (0.18 to 0.9 c.c.), or best, 20 
to 40 c.c. of blood taken from a vein 
in the arm, the syringe made for 
injecting paraffin being well adapted 
to this purpose. Injections of an 
emulsion made from periosteal scrap- 
ings and of fibrinoplastin have also 
been used. 

Thfe wearing of a splint loose 
enough to allow a slight amount of 
motion at the point of fracture has 
been advised. 

Nailing, drilling the bone ends, 
stimulating electric currents or open 
operative treatment may be resorted 
to when other measures fail. In in- 
fected or compound fractures the 
temporary introduction of an arti- 
ficial sequestrum in the form of an 
intramedullary peg of boiled beef 
bone may be used in association with 


adequate drainage (Babcock) to 
stimulate callus formation. In the 
historic case of Physick union fol- 
lowed the introduction of the seton 
between the bone ends. 

If a gap exists between the frag- 
ments it may be filled in by a bone 
graft removed from the tibia or a 
piece of the patient’s rib, either 
l)laccd in a groove cut in the bone- 
ends or ])laccd as an intramedullary 
graft after boring out the bone-ends 
down to the normal medulla. In 
cither case the graft must be in con- 
tact with living bone at each end. 
A gap in the tibia may be done away 
with by removing a section of the 
fibula. 

To produce union in congenital 
pseudo-arthroses, delayed union or 
non-union in bones, the osteoperios- 
teal graft, 1)1 us rigid and prolonged 
mechanical fixation, as obtained by a 
bone clamp, will assure alignment and 
prove effective. R. T. Taylor (Surg., 
Gyn. and Obst., June, 1925). 

The writer employed bone implants 
in 3 cases of pseudoarthrosis compli- 
cating a gunshot fracture of the jaw- 
bone. The grafts were taken from 
the tibia, and the usual bone grafting 
technic applied. Consolidation of the 
bone parts was manifest after 4 
months, allowing mastication with 
artificial teeth. H. Rouvillois (Paris 
med.. Sept. 26, 1925). 

Nearthrosis, a very rare condition, 
in which the bone-ends are separated 
by a joint-cavity, demands operative 
interference. Faulty or angular 
union may be remedied by osteotomy. 

The endocrine glands are increas- 
ingly being used, thyroid and para- 
thyroid particularly. The former 
may be given in 1 grain (0.06 Gm.) 
doses thrice daily and the latter in 5 
to 10 unit doses, by injection every 
other day. 



764 


FRACTURES (STIMSON AND BABCOCK). 


In rats with broken legs fed para- 
thyroid gland the production of new 
bone at the site of fracture was doubled. 
Ogawa (Clin. Med., Feb., 1926). 

In a personal case a fractured femur, 
after 6 weeks in a Ilodgcn’s splint, 
showed very little callus and quite 
distinct crepitus. The patient was 
given parathyroid during the next 3 
weeks with excellent result. J. B. 
Mackay (Clin. Med., Mar., 1926). 

SPECIAL FRACTURES. 
FRACTURES OF THE SKULL. 
— Varieties. — Instead of dividing 
these fractures, according to their 
location, into fractures of the vault 
and of the base, it is more intelligible 
to speak of 

1. Circumscribed fractures, with lit- 
tle injury to the brain. 

2. Fissured fractures, usually asso- 
ciated with serious brain lesions. 

3. Intermediate and irregular frac- 
tures — the intermediate fractures that 
coml)ine some of the features of each 
of the above varieties. 

Circumscribed fractures being usu- 
ally caused by a sharp blow from some 
pointed object, the skull is crushed 
locally, without any great injury to 
the underlying parts. In typical 
cases, after the shock of the blow has 
passed off there is no further danger 
or inconvenience, except the danger 
of infection, for almost all fractures 
of the skull are compound. Some- 
times the outer table alone, again 
(rarely) the inner table alone, and usu- 
ally the whole thickness of the skull 
is depressed. Yet there may be no 
depression, the skull being simply 
split (locally) at the point of fracture. 

The diagnosis may be easily made 
by inspection and palpation. If, 
however, the fracture is not com- 
pound, a ridge of clotted blood may 
feel like the overhanging edge of the 


uninjured bone over a .depression; 
but in the case of the clot the linger 
goes up one side of the ridge as well 
as down the other, and does not sim- 
ply slide over it, and firm pressure will 
indent the clot, but not the skull. 

Fissured Fractures. — These frac- 
tures are caused by the “bending'' or 
“bursting’' of the skull under pres- 
sure applied broadly. They arc the 
“indirect" fractures of the skull, just 
as the circumscribed fractures are 
“direct." Consequently fissured frac- 
tures arc much more common in the 
base, and circumscribed fractures 
more common in the vault. The 
bursting force may make itself felt 
in a radial direction or in a direction 
at right angles to this, and the fis- 
sures are therefore usually dispersed 
in one of these two directions, al- 
though the irregular thickness and 
elasticity of the skull, especially its 
base, is liable to impart to the fissure 
a zigzag course. The fissure may oc- 
cur only at some point quite distant 
from the point of impact and is there- 
fore often termed a conlrccoup, a 
misleading term, for there is no con- 
trccoiip. On the other hand, the fis- 
sure may be so extensive as to allow 
the two halves of the skull to be 
freely movable upon each other. 
Since the cause of these fractures is 
generally a blunt instrument, they 
are less often compounded than the 
circumscribed fractures. 

These fissures being due to a burst- 
ing of the skull on account of a sud- 
den change of shape of the whole 
globe, it is readily understood that 
the associated lacerations of and 
hemorrhage into the contained struc- 
tures are likely to be very extensive 
and to prove rapidly fatal, not in any 
sense on account of the fracture, but 
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on account of the trauma that caused 
the fracture. 

DIAGNOSIS.— 1 ''isvsnrcs in the 
vault are often compouiuled and thus 
readily diagnosed. Care must lie 
taken not to mistake a lacerated 
aponeurosis for a fissure of the skull, 
in fissures of the base, however, the 
diagnosis can rarely be made except 
by inference. As these fissures often 
involve the petrous portion of the 
temporal bone, ru])turing the tym- 
panum, hemorrhage from the ear, 
mouth, or nose is a fairly accurate 
diagnostic sign of fracture of the 
base. The diagnosis is, however, of 
very little importance. 

Intermediate and Irregular Frac- 
tures. — Most fractures of the skull 
are, in a sense, intermediate ])etween 
the two great divisions of circum- 
scribed and fissured fractures, for 
with every sharp 1)lo\v there is seen 
to be some compression of the whole 
globe, and even the bluntest force, 
if api)licd with sufiicient momentum, 
will cause a local crushing, lint an 
understanding of the two great 
classes will cluciclate all such cases. 
Excei)tionally the brain is conijiressed 
by the blood effused beneath a cir- 
cumscribed fracture, and its evacua- 
tion is followed by immediate relief 
of symptoms ; but, we repeat, such 
cases are e 7 iccptional. 

Punctures. — Th(xse which cause a 
local fracture arc very liable to pro- 
duce a local brain lesion and to lead 
to infection ; hence they present 
special therapeutic indications. 

Ring fractures around the foramen 
magnum are caused by a sudden 
blow upon the buttocks which forces 
the spine up into the skull, carrying 
a ring of the basilar porti >n of the 
occipital bone along with it. 


PATHOLOGY. — A piece of de- 
pressed bone may lacerate both dura 
and ])ia and even the brain. In so 
doing it may tear the great sinuses 
ov the middle meningeal artery, ll 
the fracture involves the inner ear, 
the hearing may be iierinanenlly lost. 
X’arious nerves and vessels and the 
cord itself may be torn at their 
points of exit from the skull. Any 
amount of brain laceration may ac- 
company the fracture. 

Process of Repair. — Most of the 
membrane formation is done by the 
di])Ioe, the osteoiK>ietic faculties of 
the pericranium and dura being very 
slight. Consecpiently there is very 
rarely any superabundant callus, and 
conse(|uently, too, if a piece of skull 
is removed it will be rejdaced only 
by fibrous tissue, and not by bone. 

PROGNOSIS. — The gravity of 
the prognosis dei>ends (Ui two things, 
either of which may exist without 
any fracture at all, namely : the dam- 
age to the brain and its adnexa, and 
infection. 'The im])ortance of depre.S“ 
sit)ns of sni.'dl areas of the vault has 
been unduly magnified. .Stimson 
strongly advises against meddling 
wdth sim])le dejiressed fractures un- 
less focal symjitoms present them- 
selves. It is certainly absurd to sup- 
]>ose that the dei)ression of a square 
inch of bone to the dc}>th of half an 
inch or so could cause the severe 
and lasting shock that is so often at- 
tributed to .such an injury, nor should 
the elevation of such a splinter be 
exi)ected to relieve the.se grave dis- 
orders. 

TREATMEN T.— Simple Frac- 
tures. — Attend to the general condi^ 
tion of the patient and leave the frac- 
ture alone unless focal symptoms 
present themselves as the result of a 
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depression or a hemorrhage from the 
middle meningeal artery. In such 
cases operate to elevate the depres- 
sion or to stop the hemorrhage. 
Many surgeons hold that all de- 
pressed fractures should be elevated 
at once. As the choice lies between 
the problematical danger from the 
existing depression and the real dan- 
ger from possible infection, the ques- 
tion cannot be said to be definitely 
settled. 

Compound Fractures. — Operate 
immediately for the purpose of 
cleansing the wound. Fill the wound 
itself with gauze, then shave and 
cleanse the whole scalp, or at least 
half of it. Next enlarge the skin- 
wound if necessary in order to catch 
all bleeding points and to expose the 
laceration of the soft parts. If there 
is any depressed bone it can usually 
be elevated by prying up the most 
elevated corner and extracting this 
piece by gentle manipulation with 
the forceps, after which the rest will 
follow easily. Occasionally the chisel 
or trephine may be necessary; but in 
all compound fractures the bone 
must be elevated for the purpose 
of assuring the asepsis of the sub- 
jacent tissues. Having elevated and 
removed the splinters the whole 
wound is copiously irrigated with 
'"normal” salt solution. If any intra- 
cranial hemorrhage persists, the 
wound must be left packed with 
sterile or iodoform gauze for forty- 
eight hours, after which it may be 
closed. If there is no bleeding the 
dura is sutured if torn, and the peri- 
cranium, aponeurosis, and skin su- 
tured in layers, the first three with 
catgut, the last with silk. An alumi- 
nium, silver, or celluloid plate or a 
sheet of goldfoil or rubber tissue 


may be interposed in the gap left by 
the removal of fragments of bone in 
order to strengthen the scar. 

Routine X-ray examination should 
be made in suspected cases of frac- 
ture of the skull. In simple linear 
fractures without symptoms, the treat- 
ment is prolong:ed rest; with symp- 
toms of compression, operation for 
relief by: (1) removal of extradural 
clot with control of hemorrhage by 
ligation or ol)literation; (2) decom- 
pression; and (3) lumbar and ventric- 
ular puncture. In simple depressed 
fractures, the treatment is operation 
for elevating or removing depression 
with or without repair of dura; re- 
lief of compression. 

In compound linear fractures with- 
out cerebral symptoms, operation for 
immediate conversion of the com- 
pound into a simple fracture by ex- 
cision. If there are symptoms of 
compression: operation for immedi- 
ate conversion into a simple frac- 
ture by excision of skin and bone; 
relief of compression. In compound 
depressed fractures, operation for 
conversion into a simple fracture by 
excision; elevation or removal of de- 
pression; relief of compression; con- 
trol of hemorrhage; repair of dura; 
closure of defect; and drainage, when 
necessary, by stab wound away from 
defect. W. P. Eagleton (Arch. Surg., 
iii, 140, 1921). 

If a fissure of the skull appears in 
the wound, it should be thoroughly 
cleansed as far as infection may have 
traveled, the wound being slightly 
enlarged and the edge of the fissure 
chiseled away for this purpose, if 
necessary. There is no object in en- 
deavoring to find the limits of the 
fissure, which may extend halfway 
around the skull or even farther. If 
from the force of the blow a depres- 
sion of the inner table seems pos- 
sible, that is no indication for in- 
creasing the patient’s risks of brain 
infection by trephining. Such de- 



FRACTURES (STIMSON AiND BABCOCK). 


pressions are extremely rare, and un- 
less they grive rise to focal symptoms 
they are innocuous. 

Among 209 cases of fractures of 
the base of the skull treated expec- 
tantly the mortality was 58.3 per cent., 
while among 92 cases treated by op- 
eration it was 43.4 per cent. Decom- 
pression in proper cases markedly 
lowers the mortality. Localizing 
signs are no more important than the 
evidences of increased intracranial 
pressure. As a rule, the decision for 
or against operation can he made at 
once, but in some one must wait 6 
to 24 hours, to observe the increase 
or decrease in symptoms. The pulse, 
temperature, blood-pressure, eye 
grounds should be watched. Mag- 
nesium sulphate by mouth or stomach 
tube, and an enema are usually given. 
Mixter (Boston Med. and Surg. Jour., 
Oct., 1917). 

In compound fractures of the skull 
with open dura, the author advocates 
excision of all traumatized tissue, 
scalp, dura, and brain tissue, replac- 
ing the defect in the dura by a trans- 
planted piece of fascia, and closing 
the skin completely without drain- 
age. Sachs (Annals of Surg., Jan., 
1919). 

Punctured wounds should always 
be o])ened up, the punctured part of 
the skull being entirely removed by 
the trephine and the whole wound 
then irrigated and drained. Bullets 
located near the surface may be re- 
moved at once; if deeper and not to 
be touched by gentle probing, they 
had best be left alone, as their pres- 
ence does not materially influence 
the prognosis. If they give rise to 
symptoms later, they may be located 
by the X-rays and their removal at- 
tempted with a greater prospect of 
success. Infection from the air-pas- 
sages in fractures of the base cannot 
very well be guarded against. It is 
futile to render the middle ear asep- 
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tic when germs may constantly reach 
it through the Eustachian tube. 

FRACTURE OF THE VERTE- 
BR.ffi. — The importance of fractures 
of the vertebrae, like those of the 
skull, is dependent almost entirely on 
the amount of damage done to the 
inclosed nervous tissues; on this the 
symptoms, prognosis, and treatment 
depend. 

Symptoms. — The symptoms are 
mainly tho.se of an injury to the 
spinal cord. If the disj)lacement is 
such as to compress or tear the cord, 
paraplegia results, with loss of con- 
trol over the vesical and anal sphinc- 
ters, and in the male priapism usu- 
ally occurs. Locally there is tender- 
ness and pain, increased by motion, 
ccchymosis, atid deformity, and cre- 
pitus in some cases. 

Diagnosis.— Except the deformity 
and crepitus, any or all of the al)ove 
symptoms may be caused by injury 
to or disease of the cord without any 
fracture of the spine. Hence the 
diagnosis is generally obscure; but 
no manipulation should be under- 
taken for the purpose of elucidating 
it, for fear of precipitating a fatal 
issue. Fracture and dislocation are 
usually associated, and their differ- 
entiation is of no clinical importance. 

In estimating the location of the 
injury, it must be remembered that 
the pressure symptoms may be due 
as well to hemorrhage or inflamma- 
tion as to the displaced bone, and 
also that it may take twenty-four to 
forty-eight hours for the paralytic 
symptoms to appear at their distinc- 
tive level. Hence the local symp- 
toms of pain, tenderness, and de- 
formity are much better guides to 
the level of the lesion than the para- 
lytic and anesthetic symptoms. 
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The sensory symptoms offer the 
most reliable information as to when 
to operate. When, for instance, the 
anesthesia presents a line of sharp 
segmental limitation and does not im- 
prove within twenty-four hours, op- 
eration is advisable, as intradural 
hemorrhage is probably present If, 
on the other hand, the anesthesia is 
irregular, or if it improves early, 
operation should be deferred, as the 
cord is probably not greatly injured. 
Operation several months after the 
injury, where the symptoms had been 
severe and had not improved, were 
usually futile. The operations on the 
spinal column are not in themselves 
particularly dangerous if done by 
skillful and experienced surgeons, 
and offer the best results in properly 
selected cases. E. D. Fisher (Trans. 
Amer. Med. Assoc.. N. Y. Med. Jour., 
June 8, 1912). 


Etiology. — Indirect violence, by 
causing an excessive bending of the 
spine, is the common cause of frac- 
ture. Such violence may be applied 
by a fall of the subject himself or by 
some heavy body falling upon him. 
Less frequently muscular violence 
produces a fracture of the spine, the 
usual location of such fractures be- 
ing the cervical region and the usual 
cause a sudden jerking backward of 
the head: as to avoid striking the 
bottom when diving in shallow 
water. 

Pathology. — The crushing force 
which causes the fracture is very 
likely to cause a simultaneous dislo- 
cation. 

The bodies of the vertebrae are the 
parts most affected, except in the 
cervical region, where the transverse 
and articular processes are more fre- 
quently injured. Direct violence oc- 

-''c'ionally tears away the spinous 
mum, sii. 1 u ^ 

, - ^here is no regularity about 

sheet of goluiui* 

® vever, every con- 


ceivable variety having been ob- 
served. The upper fragment is usu- 
ally displaced forward on the lower 
one and the cord is compressed, 
larely torn across, between the two. 
Subdural hemorrhage or secondary 
meningitis may give rise to still fur- 
ther compression. The nerves that 
make their exit at that particular 
segment are usually torn, as are the 
attached muscles and ligaments. 

Prognosis. — Fractures of the Lower 
Three Lumbar Vertebra:. — In fractures 
of this region only the cauda equina 
is liable to compression, and its indi- 
vidual components can usually slip 
aside from any obtunding fragment, 
and thus there will be no pressure 
symptoms. Under appropriate treat- 
ment the bones unite and the patient 
may recover entirely or with a weak 
back, or with paralysis or pain from 
pressure in some of the nerves. 

Fractures Above the Second Lumbar. 
— The prognosis as regards life and 
death varies with the amount of 
damage done to the cord. If the cord 
as permanently damaged, the patient 
may continue to live as long as two 
months, only to die finally of exhaus- 
tion or of septic infection from bed- 
sores or catheterization. Death may 
be instantaneous from shock or from 
involvement of the phrenic nerve in 
the laceration. In fractures high up 
in the cervical region, even of the 
atlas and axis, death is not always 
instantaneous, but the least move- 
ment or jolt may be enough to bring 
fatal pressure to bear on the cord. 

Treatmen t. — Experiments upon 
animals have shown that blows upon 
the cord sufficient to produce sec- 
ondary edema and permanent para- 
plegia from degeneration may be 
followed by recovery if vertical in- 
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cisions in the bruised cord be made 
within a few hours after the injury. 

In fracture of the spine with ])ara- 
plegia, therefore, consideration should 
be given to an immediate laminec- 
tomy, with an incision 2 to 4 milli- 
meters in depth and 2 to 4 centi- 
meters long into the substance of the 
cord on each side of the ])()stcrior 
median fissure — provided the cord on 
exploration is found undivided. Im- 
mediate production of lancinating or 
electric-shock-like pains indicating 
nerve root irritation gives a hopeful 
prognosis from operation when un- 
accompanied by paraplegia. If the 
root sym])toms are due to external 
hemorrhage ( hematorrhachis) spon- 
taneous improvement without opera- 
tion may occur. 

The onset of symptoms similar to 
those of syringomyelia after these 
injuries is suggestive of a central 
hemorrhage in the cord (hemato- 
myelia) and should be treated, after 
careful localization, by exposure and, 
if possible, incision ami evacuation. 
Late and persistent root pains after 
fracture of the spine, where there is 
permanent paraplegia, may be treated 
hy chordotomy or by section of pos- 
terior nerve roots. Regeneration of 
the spinal cord after division or de- 
struction does not occur, nor is it 
probable that regeneration of the 
spinal nerve roots takes place. 

In traumatic paraplegia, death fre- 
quently occurs after six to eight 
weeks from ascending infection from 
the bladder. To avoid this, an at- 
tempt should be made to establish 
the reflex vesical arc with a routine 
emptying of the bladder at regular 
intervals, excited by stroking the in- 
ner side of the thigh. If retention 
cannot be overcome by reflex educa- 

4—49 


tion and infection of the bladder fol- 
lows and cannot be controlled by 
any of the methods of catheteriza- 
tion. a cystostomy should be per- 
formed. This operation may be life- 
saving. 

In all manij)u]ations the greatest 
care must be exercised to avoid the 
production of further dis])lacement. 
1 he patient must be kept upon a 
linn bed or rarely on a water-bed, 
and pressure must be taken off spots 
where bed-sores threaten; if they oc- 
cur, they must be ke])t clean and dry 
by antise])tic powders. Nor must 
the j)atient’s general vitality be neg- 
lected. As long as there is any ho])e 
of recovery electricity and massage 
to the paralyzed muscles are advan- 
tageous, and the strictest cleanliness 
must be insisted upon. The curative 
measures arc mechanical and opera- 
tive. 

Mechanical Treatment . — This origi- 
nally consisted in traction u])on the 
head and feet by two assistants while 
the surgeon endeavored to reduce 
the fracture by direct manipulation. 
Id ore recently susi)ension and the 
application of a plaster jacket, as for 
Lott’s disease, has afforded some 
good results, and a similar treatment 
is that of Woodbury, who applied 
the jacket to a child upon whom 
traction was l>eing made while it lay 
face denvn upon a hammock of 
cheesecloth. Stimson advocated sus- 
pension along a plank, the plaster 
being applied while pressure is main- 
tained on the protuberance. 

Operation . — The so-called laminec- 
tomy is done through a long vertical 
incision with its center over the frac- 
tured vertebrai. The bone is bared 
and the spinous processes of three or 
four of the vertebrae removed. Then 
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with rongeur forceps the laminae are 
divided on either side as close as 
possible to the transverse processes. 
The dura is then exposed and, if dis- 
tended with pus or blood, it is in- 
cised and drained. Otherwise it is 
gently retracted and the bodies of 
the vertebrae are palpated. 

Any unevenness in the vertebne is 
to be removed, the straightening of 
the whole column attempted, and the 
wound closed without drainage, un- 
less hemorrhage or suppuration de- 
mand it. 

The results of operation arc usu- 
ally discouraging, though operation 
has occasionally disclosed and reme- 
died pathological conditions upon 
which no manipulation could have 
exercivSed a beneficial influence. 

FRACTURE OF THE NASAL 
BONES. — The nasal bones, cartil- 
ages, and septum may all be frac- 
tured. Such fractures may be fol- 
lowed by tedious suppuration, facial 
emphysema, plugging of the lachry- 
mal canal, and, as the displacement 
is always backward, some subse- 
quent deformity is inevitable, unless 
they are replaced. 

Diagnosis. — By endeavoring to 
move the upper and lower parts of 
the nose laterally upon each other, 
false motion and crepitus will thus 
be elicited. 

Treatment. — This must be begun 
promptly, for osseous union has been 
known to occur by the tenth day. 
By means of a director passed within 
the nostrils the bones are replaced. 
The only retentive apparatus of any 
value is a long pin passed directly 
through the nose and resting on 
either cheek, the nose being covered 
with a piece of adhesive plaster. As 
a general rule, however, there is no 


tendency to reproduction of the de- 
formity, and, even if such a tendency 
does exist, frequent reposition will 
appeal to the patient rather than the 
transfixion treatment. In old un- 
reduced fractures an artificial bridge 
of aluminium, celluloid, or gutta- 
percha, or a cartilage transplant, may 
be inserted. 

FRACTURE OF THE MALAR 
AND SUPERIOR MAXILLARY 
BONES. — Fractures of these bones, 
beyond the subsequent liability to 
suppuration and emphysema, are of 
no particular importance. If a frac- 
ture of the zygoma threatens a seri- 
ous deformity, it may be remedied 
by inserting a sharp hook under the 
process and so elevating it. Frac- 
tures of the alveolar process of the 
jaw with displacement should be 
treated by wiring the teeth, or by 
the use of an interdental splint {vide 
infra). 

To replace a depressed, fractured 
malar bone, the writer uses the ordi- 
nary cow-horn forceps of the dentist, 
which, in addition to sure control, has 
the advantage of leaving no scars, is 
quickly used, and does not require any 
opening in the mouth. The skin over 
the bone is suitably prepared ; one 
point of the forceps is placed over the 
orbital ridge and the other just under 
the margin of the body of the bone at 
its outer side. A little pressure pene- 
trates the skin and the points grasp 
the depressed bone with any degree of 
firmness advisable. Now the more or 
less impacted bone is disengaged 
from its bed, elevated to its proper 
place, and the forceps removed at 
once. No dressing is necessary, as the 
holes in the skin are mere pricks. J. 
G. R. Manwaring (Jour. Amer. Med. 
Assoc., Jan. 25, 1913). 

Report of 60 cases of bone-grafted 
manidibles, of which all but 2 were free 
autogenous grafts from the ilium. 
Firm bony union was obtained in 56 



FRACTURES (STIMSON AND RABCOCK). 


771 


cases, or 93 per cent. The graft and 
jaw fragments wore so trinnned as to 
fit accurately end to end, with the 
largest obtainable areas of exposed \as- 
cular bone tissue held in close contact 
by finn wiring. G. Chubb (Lancet. 
July 3, 1920). 

FRACTURES OF THE LOWER 
JAW.— T he body, the ramus, the 
condyle, or the coronoid process may 
be fractured. Fractures of the ])ody 
are, by far, the most common. They 
are almost always compound and oc- 
cur usually in tlie middle line or cl.se 



are double, one on each side. Uni- 
lateral fractures arc com])aratively in- 
frequent. The displacement is usually 
vertical and from before backward, as 
well. It may be appreciated by the 
finger inside the mouth. In fractures 
of the ramus there is little or no dis- 
placement. In those of the condyle 
that process is usually drawn forwaid 
on to the eminentia articularis. the 
lower fragment slipping up into the 
glenoid cavity and so causing the chin 
to deviate to that side. 

The diagnosis is easy except in 
fracture of the ramus, where local 
tenderness and pain on closing the 
jaws may be the only symptoms. 


Treatment. — A mild antiseptic wash 
should be employed freciuently to 
lessen the danger of infection and to 
clear the mouth of the foul and acid 
discharge from the wound. Under 
such treatment with efficient immobi- 
lization the wound may be expected 
to heal kindly, though occasionally It 
is impossible to ])revcnt suppuration 
and necrosis. 

Immobilization. — Though reduc- 
tion is easy, the deformity tends to 
reproduce itself, to overccmie which 
tendciuy a great numlier of mechani- 
cal devices have been introduced. 
The prineijial employed are external 
pressure, exeinjilihed by the four- 
tailed bandage (log. 1), wiring of the 
bone or teeth (several on either side 
lest they pull out), and the interdental 
splint. This is a piece of gutta-iiercha 
or vulcanized i iihber molded to fit 
between the upper and lower teeth, 
and of such width as to hold the jaws 
slightly scjiarated so that fluids may 
be introduced through a hole bored in 
its center. This is applied and the 
jaw bound firmly by a four-tailed 
bandage. The first two methods may 
prove satisfactory; but the dental 
splint, though more complicated, is 
quite sure to give satisfaction if it is 
made by an expert dentist. 

The molded lead splint introduced 
by Matas is most satisfactory and 
may be used until an interdental 
splint can be made. 

Bone grafting in gunshot fractures 
of the mandilde has involved many 
difficulties, but success is now the 
rule. Preliminary preparation is often 
prolonged, even for many months. 
When 4 to 6 weeks have elapsed 
since the healing of all the wounds, 
a curved incision is made, and a large 
flap raised. Fibrous tissues filling the 
gap between the fragments are then 
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cut away, the ends bevelled, a* suit- 
able graft cut from the outer surface 
of the iliac crest put in position, and 
the flap replaced and sutured. Bill- 
ington, Parrott and Round (Brit. Med. 
Jour., Dec. 21, 1918). 

FRACTURE OF THE HYOID 
BONE, THE LARYNX, AND TRA- 
CHEA. — These rare fractures are 
usually caused by direct violence, as 
in strangulation. They may be recog- 
nized by direct palpation. They en- 
danger life by obstructing respiration. 
If the symptoms arc urgent, trache- 
otomy should precede attempts at 
reduction. 

FRACTURE OF THE STER- 
NUM. — This accident is very rare. 
It is usually caused by the strain of 
bending forward or backward. The 
symptoms and treatment are those of 
dislocation 

FRACTURES OF THE RIBS.— 

These are frequent, though often 
multiple, and occur usually between 
the fifth and ninth. The upper and 
lower two ribs are almost never frac- 
tured. In single fractures there is, as 
a rule, no displacement ; but multiple 
fractures may give an angular dis- 
placement, or, if sufficiently exten- 
sive, a caving in of the whole .side of 
the chest. The fracture may be 
located by a localized point of tender- 
ness (and crepitus), which may be 
elicited by pressure on the shaft of 
bone at a distance from the fracture. 
Crepitus may also sometimes be 
elicited by deep inspiration, which is 
painful. If the lung is pierced there 
may be cellular emphysema, hemopty- 
sis, and later a pneumothorax. 

Treatment — Displacement having 
been corrected, the bone is immobi- 
lized by strapping the chest with 
adhesive plaster. During expiration 


a strip of plaster two inches broad is 
applied, beginning over the sternum 
and following the curve of the ribs 
over the point of fracture, and around 
to the oppo.site axilla. If several ribs 
are broken they are covered from 
above downward by similar strips 
overlapping. 

It is necessary to watch fractures of 
the ribs carefully for a couple of days 
to note the onset of pulmonary 
complications. Localized pneumonitis 
sometimes occurs. In strapping the 
chest for fractured ribs, the straps 
should pass well beyond the median 
line. They should be applied during 
full expiration. One or two straps 
passed over the shoulder help much to 
secure immobilization, l^'nld (Internat. 
Jour, of Surg., June, 1912). 

FRACTURE OF THE COSTAL 
CARTILAGES. — See Dislocations. 

FRACTURES OF THE CLAVI- 
CLE. — They arc very frequent in 
children, being caused by a fall upon 
the arm which in an adult would be 
more likely to dislocate the shoulder. 
They occur usually in the middle 
third of the bone, are not infrequently 
incomplete, but very rarely com- 
pound. 

Fractures of the middle third are 
transverse or oblique, from above 
downward and inward. The shoulder, 
losing its anterior support, drops 
downward, inward, and forward; the 
posterior border of the scapula is 
raised outward and its lower angle 
rotated slightly upward and back- 
ward. If the fracture is oblique the 
outer fragment .slips below and behind 
the inner one, whose edge is promi- 
nent under the skin. Transverse 
fracture may give rise to angular de- 
formity, the angle pointing upward 
and backward. If the fracture is 
comminuted the small fragments are 
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markedly displaced; if it is bilateral 
the weight of the two shoulders on 
the chest may caase urgent dyspnea 
(relieved by dorsal decubitus). In- 
juries to the great vessels, nerves, 
and lungs arc rare complications. 
The arm can be moved forward or 
backward, but cannot be abducted on 
account of the pain rather than the 
muscular disability. 

In fractures of the outer third the 
line of fracture is usually tranverse 



Fifif. 2. — Sayre’s adhesive-plaster dressingr for fracture 
of clavicle. First piece. {Stimson.) 

and the displacement angular, with 
the apex backward. Disability and 
deformity are not great. 

In fracture of the inner third the 
outer fragment passes below the inner 
one or is accompanied by it, producing 
angular deformity. 

Prognosis. — Union is almost cer- 
tain to take place at the end of four 
weeks whether the fracture is im* 
mobilized or not. Some persistent 
displacement is the rule, especially in 
adults. 

Treatment. — Reduction is effected 
by pushing the shoulder up vard, out- 
ward, and backward. Manipulation 


of the arm or simple dorsal decubitus 
will effect this. To maintain perfect 
reduction dcu'sal deenbitus with the 
head slightly raised and the forearm 
resting across the chest is usually 
essential. In the green-stick fractures 
(»f children a sini])le .sling may he 
sufficient, and the same dressing may 
be applied to all patients who arc 
impatient of restraint in the more 
complicated dressings and arc willing 
to accept the siibsccjuent deformity. 

In other cases Sayre'.s or Velpeau’s 
dressings will iwoduce an esthetically 
satisfactory result. 

Sayre’s dressing (l"igs. 2 and 3) 
requires two .stri])s of adhesive 
plaster, eacli three inches broad and 
long enough to reach one and a half 
times around the i)ody. 'The end of 
one strip is fixed l(K>seIy about the 
arm on the injured side just below the 
axilla, ft is then carried around the 
back and across tlie chest in such a 
way a.s to hold the elbow a little be- 
hind the axillary line. The other 
straf) is then carried from the unin- 
jured shoulder across the back and 
the point of the elbow and back to 
the point of starting, carrying the 
elbow forward, upward, and inward. 
Thus the shoulder is carried U])ward, 
outward, and backward. The axilla 
and the whole inner surface of the 
arm and forearm should be well 
padded with cotton or wool, and the 
bony points of the elbow should be 
protected in like manner. The band 
bad best be left uncovered and the 
whole dressing supported by a few 
turns of a roller bandage. 

A simple treatment for fractured 
clavicle with displacement is described 
by the writer. He i>asscs between the 
elbows and the back a bar or board 
thickly padded in its central portion and 
left thinner laterally. To hold this bar 
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in position a broad bandage is passed 
around its central portion, then up like 
suspenders over the shoulders, diagon- 
ally across the chest anteriorly, under- 
neath and around the forearm of the 
opposite side, then directly upward to 
the clavicle of the same side, where it 
is pinned to the previous turn over 
the -shoulder. At night the patient 
remains in a half sitting posture, 
enough pillows being placed under 
the back to keep the elbows off the 
bed. Scnlccq (Paris med., Mar. 29 , 
1919). 

The writer employs a 3-piece plaster 
cast. One cast surrounds the chest, 
another is a movable unit around the 
arm, and the third overlaps the other 
2 for purposes of firm and precise ad- 
justment. W. L. Bell (Annals of 
Surg., Nov., 1922). 

Velpeau’s dressingf, as shown in 
Fig. 4, holds the elbow pressed 
against the front of the chest. Tt is 
made with a roller bandage. Padding 
should be applied as noted above. 

Moore’.s ingenious combination of 
a posterior ligure-of-8 bandage to 
both shoulders and one elbow with a 
sling (Figs. 5 and 6) is effective, but 
uncomfortable, and unless carefully 
padded is likely to interefere with the 
circulation of the arms. 

Fracture of the outer third is best 
immobilized by Stimson’s dressing 
for dislocation of the outer end of the 
clavicle 

To avoid deformity displaced com- 
minuted fragments may be removed 
through a small incision. 

FRACTURES OF THE SCAP- 
ULA are divided into fractures of the 
body of the lower angle, of the spine, 
of the acromion, of the coracoid 
process, of the surgical neck, and of 
the glenoid fossa. 

Fractures of the body and inferior 
angle may be partial or complete, 


simple or comminuted. • When the 
angle is torn away it is drawn forward 
by the attached muscles and cannot 
be replaced. In fractures of the body 
displacement is usually confined to 
overlapping of the fragments. The 
diagnosis is made in either case by 
])alpation, and the .sole treatment is 
immobilization by plaster strapping, 
as for fractures of the ribs, and sup- 
port of the arm by a sling. The only 
complication to be feared is suppura- 



Flff. 3.— Same as PiR. 2. Second piece. 
iStivison.) 

tion in the deeper planes, which may 
follow even a simple fracture if the 
contusion has been severe. 

Fracture of the acromion may be 
caused by external violence acting di- 
rectly or through"the humerus, or else 
by contraction of the deltoid. The 
fracture is usually beyond the attach- 
ment of the clavicle. Non-union of 
the epiphysis may occur. Bony union 
can rarely be obtained, but no disa- 
bility follows fibrous union. 

Treatment. — Velpeau’s dressing 
(Fig. 4). 

Fracture of the coracoid process 



fractures (STTMSON and BABCOCK). 


may be caused by external violence 
or muscular action and is often com- 
plicated by other injuries. Abnormal 
mobility, with or without crepitus, 
may be obtained by pressure on the 
tip of the process. Fibrous union 
without disability is the rule. 

Treatment. — Treatment is by im- 
mobilization of the arm in slight 
hyperextension. 

Fracture of the Surgical Neck. — 

Either the whole of tlie glenoid fossa 
or only a part of it is torn off with the 
long head of the triceps attached to 



Fig. 4.— Velpeau’s dressins: for frachire of 
clavicle. {Stimson,) 

the fragment. The support of the 
triceps being lost, the whole shoulder 
sinks downward and the displacement 
resembles very closely a subcoracoid 
dislocation. The arm, however, is 
not abducted nor is there any charac- 
teristic restriction of motion; a lump 
may be felt in the axilla, and the de- 
formity may be reduced (with crepi- 
tus) by lifting the arm, but imme- 
diately recurs. 

Treatment. — The treatment is as 
for dislocation of the clavicle; bony 
union may be expected. 

Fracture of the Glenoid Fossa. — 
The rim is often broken, with disloca- 
tions of the shoulder-joint. Stellate 
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fractures have been found post 
mortem, 

FRACTURES OF THE HU- 
MERUS. — riiesc may lie conveni- 
ently grouped into fractures of the 
upper extremity, of the head, anatomi- 
cal neck, through the tuberosities, of 
cither tuberosity, of the surgical neck; 
and separation of the e])iphysis, of 
the shaft, and of the Uneer extremity: 
supracondyloid, intracondyloid, of 
either condyle, or epicondyle ; and 
separation of the epijihysis. 

Fracture of the Head. — This is very 
rare, exccjiting the splitting that may 
accompany dislocation, and cannot be 
recognized clinically. 

Fractures of the Anatomical Neck 
and Through the Tuberosities. — 
These present the same clinical fea- 
tures and can rarely be differentiated 
before death; indeed, the line of frac- 
ture is likely to be so irregular as to 
be partly through the neck and partly 
through one or other tuberosity. 
These lower fractures are certainly 
more frequent than simple fractures 
of the anatomical neck. Most cases 
occur in connection with anterior dis- 
location. ddierc may or may not be 
impaction. If the head is dislocated 
forward it may be felt, and its inde- 
pendent mobility recognized when 
the shaft of the bone is rotated. If 
the head is not dislocated, pain in 
upward pressure on the elbow may 
be the only sym])tom. 

Treatment. — If the head is not dis- 
located, treatment is by immobiliza- 
tion with slight traction. If it is 
dislocated, alternatives present them- 
selves: The surgeon may maintain 
the two fragments in apposition, 
hoping to obtain union, and then at 
the end of five weeks to attempt re- 
duction by manipulation, or, this 
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failing, by operation. On the other 
hand, he may, and this seems the 
better plan, attempt reduction at once. 
If his manipulative efforts do not suc- 
ceed, he may attempt operative re- 
duction, laying bare the head, boring 
a hole in it, and then reducing it by 
meaas of a stout right-angled hook 
(McBurney) inserted into this hole. 
Failing in this, he may exscct the 
head. In any case the area should 
be immobilized for five weeks. The 
theory that the head subsequently 
atrophies has no very good founda- 
tion in fact. On the contrary, very 
good functional results are obtainable. 

Fractures of the tuberosities occur 
in connection with dislocation of the 
shoulder forward (greater tuberosity) 
or upward (lesser tuberosity). As 
the fracture is often incomplete, bony 
union without much deformity is the 
usual result. 

Separation of the epiphysis may oc- 
cur at any time during the first two 
decades of life. The most common 
mechanism of its production is prob- 
ably hyperabduction in the efforts to 
pull down the arm during labor. The 
line of separation runs just below the 
tubero.sities and the usual displace- 
ment is of the lower fragment more 
or less completely to the inner side 
and in front of the upper one, which 
is tilted outward. The edge of the 
lower fragment may be felt or even 
seen close under the skin in front. 
Crepitus is slight, owing to the carti- 
laginous nature of the edges. Reduc- 
tion is by manipulation or by forced 
abduction, which brings the lower 
fragment in line with the upper one. 
Union may be irregular if the perios- 
teum slips between the fragments. 
Immobilization must be maintained 
for five weeks. Persistent displace- 


ment or premature ossification of the 
epiphysial cartilage may arrest the 
growth of the limb. 

Fracture of the surgical neck is by 
far the most common of the fractures 
of the upper extremity of the humerus. 
Under this head are classed all frac- 
tures between the line of the epi- 
physial junctures and the insertion 
of the pectoralis and teres major. 
They are caused by direct violence or 



Fig. 5.— Moore’s dressing for fractured clavicle. 
{Stimson,) 
t, ’ 

a fall upon the elbow. The displace- 
ment is usually slight, but the lower 
fragment may be drawn up and to the 
inner side of the upper one, which is 
then held in abduction. The diag- 
nosis is made by eliciting abnormal 
mobility and crepitus when the 
tuberosities of the humerus are firmly 
grasped and the arm gently rotated. 
In impacted fractures there is a 
tender spot just below the tuberosi- 
ties and the arm is usually held in 
slight abduction. 

Treatment. — If there is much over- 
riding, reduction can only be effected 
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by traction in extreme abduction. 
The Thomas traction arm splint or 
the Jones humerus splint or their 
modifications are of great value. If 
the fragments are impacted in fair 
position, or if there is no displace- 
ment, as is often the case, any im- 
mobilizing dressing will be sufficient. 
Usually, though, there is some ten- 
dency to shortening to be overcome 
by traction and often some abduc- 
tion in the upper fragment that can- 
not be overcome. To meet these in- 
dications various splints have been 
devised. For abduction of the upj)er 
fragment the best treatment is gen- 
erally to keep the patient in bed and 
traction by weight and pulley (see 
Kkactukes of the TiticiH) on the 
arm held in partial abduction by be- 
ing bandaged on a triangular pad or 
a bent metal band lilted into the 
axilla. After two weeks sufficiently 
firm union will ])robably have taken 
place for the arm to be abducted. 
In this position it is maintained for 
three or four weeks longer, by a 
plaster mold or circular splint of 
which the upper edge is molded well 
over the shoulder to immobilize the 
joint, and which is made light over 
the forearm (the elbow being bent 
to a right angle) and heavy over the 
arm. The whole is bound lightly to 
the chest and the wrist above sup- 
ported by a sling, in order that the 
weight of the arm may tend to pre- 
vent shortening. Any shortening 
that may occur will be indicated by 
a rising of the shoulder-cap and must 
be compensated by weights attached 
to the elbow. During all this time 
frequent exercise of the wrist and 
fingers must be insisted upon. 

A variation of the above line of 
treatment should be effective m any 


case. Ambulatory treatment with 
the arm in abduction is possible, but 
irksome. 

A simultaneous dislocation of the 
head is treated as above indicated. 

The position of fixation for fractures 
of the shoulder girdle and upper 
third of the humerus should be with 
the arm in abduction of 00'" and the 
hand midway between pronation and 
supination, d'he elbow may be flexed 



Fiif. 6. — Moore’s dressin;; for fritctured cUivicle. 
(StiiHHnn.) 


or extended according to the particu- 
lar case. 

Fractures of the Shaft. — These are 
caused by external violence or by 
muscular action. All varieties of 
fractures and displacements are seen 
here. The vessels or nerves may be 
injured, notably the musculospiral, 
which may be tc^rn across, pressed 
upon by the callus, or caught be- 
tween the fragments. Union is more 
likely to fail in this than in any other 
bone : a fact that has been explained 
by deficiency of immobilization, for, 
since the hand is supported by a 
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sling every motion of the head and 
neck imparts a slight movement to 
the fragments. 

The treatment is along the same 
lines as that of the surgical neck. 
Shortening must be carefully watched 
for and prevented. 

Supracondylar Fracture. — The line 
of fracture passes through the lower 
part of the hmuerus, just above the 
condyles. The joint is usually not 
involved, but may be opened by an 
additional intercondylar fracture or 
fracture of the olecranon. The line 
of fracture is usually from behind 
downward and forward, and conse- 
quently the lower fragment is dis- 
placed upward and backward. The 
sharp point of the upper fragment 
may pierce the skin in front; more 
rarely the fracture is compound from 
behind by the lower one. If the 
swelling is not too great the dis- 
placement can be seen as well as 
felt, and false motion and crepitus 
elicited by moving the condyles on 
the shaft. Dislocation is ruled out 
by the normal relation of the ole- 
cranon and epicondyles, as compared 
with the other arm, and intercon- 
dyloid fracture by the absence of its 
typical symptoms (q-v.). 

Treatment. — Same as for frac- 
tures of the lower part of the shaft: 
immobilization with the elbow flexed 
at a right angle and the forearm in 
semipronation. A sufficient weight, 
usually five pounds, should be sus- 
pended at the elbow to prevent 
shortening, and the hand alone sus- 
pended in a sling. 

Treatment by extension may be 
advantageously combined with sus- 
pension of the limb in a vertical po- 
sition for the first fortnight of treat- 
ment of a compound fracture. 


As a result of the “no splint” treat- 
ment of fractures about the shoulder, 
in the humerus, and the elbow it is 
possible for a patient to return to 
work in 6 or 8 weeks. 

For 10 years the author has been 
treating fractures in these regions with- 
out splints and has never been disap- 
pointed. 

All fractures are treated with the arm 
in a sling, plus a posterior splint with a 
lower projection for the first few 
nights. 

In 3 or 4 days passive movement is 
begun, and later active movement. J. 
W. Dow den (Edinburgh Med. Jour., 
xxi, 328, 1918). 

Suspension treatment of fractures 
of the humerus promotes more rapid 
union and earlier restoration of func- 
tion. It does not require nearly so 
much skill as docs treatment by 
splints. The so-called Balkan frame 
is excellent for the purpose, but a 
gallows frame consisting of a post 
and arm is sufficient. In applying 
the treatment vertical suspension of 
the forearm is secured by bands 
glued to the skin and attached by 
straps and buckles to a wooden 
spreader. A round wooden handle 
is attached by pieces of elastic webb- 
ing to the ends of the spreader, thus 
enabling the patient to exercise the 
fingers. The arm is suspended hori- 
zontally by a broad sling of duck, 
muslin, or rubber sheeting, one end 
of which is tacked to one side of a 
wooden spreader while the other end 
is pierced with eyelets which hook 
over hooks on the other side of the 
spreader, so that the sling can be* re- 
duced for dressings. Traction on the 
arm in case of high fracture is made 
by bands glued to the skin of the 
arm and attached by buckles and 
straps to a. wooden spreader; in low 
fractures by a double band of muslin 
6. cm. wide; fastened about the padded 
arm just above the elbow. Equal 
weights, averaging three pounds, are 
used for the arm and forearm, though 
eight pounds is used at first until re- 
duction has occurred. J. A. Blake 
(Amer. Jour, of Surg., May, 1921). 
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Intercondyloid Fracture (T- or Y- 
fracture). — This differs pathologically 
from a supracondylar fracture only in 
the additional line of fracture separat- 
ing the condyles. The additional 
force usually required to produce such 
a fracture is such that the displace- 
ments are varied and likely to he 
marked, and the fracture is often 
compound and associated with in- 
juries of the adjacent vessels and 
nerves. In doubtful cases the charac- 
teristic symptoms to be sought for 
are mobility of the condyles upon 
each other, usually with crepitus, and, 
in still more obscure cases with no 
displacement, simple tenderness when 
the two condyles are pressed against 
each other. 

Treatment. — The treatment is that 
of supracondylar fracture with addi- 
tional care in the immobilization of 
the fragments. Anterior and poste- 
rior plaster splints arc u>ually satis- 
factory. In compound fractures, 
where the joint is widely laid open, 
Kocher advises the removal of the 
external condyle to facilitate drainage 
and to produce a fairly strong and 
movable joint. In some cases it may 
be necessary to remove l)ot]i condyles 
with the risk of substituting a flail 
joint for an ankylosed one. In all 
compound fractures the fragments 
should, of course, be retained in place 
, by suture or temporary pegging with 
a nail or drill. 

Fracture of the Epitrochlea, or In“ 
temal Epicondyle.— This occurs in 
connection with dislocation of the 
elbow or as the result of direct vio- 
lence. The fragment is left more or 
less closely attached to the condyle 
and its mobility may be readily recog- 
nized. Paralysis and neuralgia from 
pressure on the ulnar nerve have been 


known to follow this fracture. A 
spontaneous cure may generally be 
expected. 

Treatment. — Direct pressure with 
immobilization of the forearm in 
flexion to relax the attachc<l muscles. 
Two or tlirec weeks' treatment 
su fhees. 

Fracture of the External Epicon- 
dyle. — 'This is caused by direct vio- 
lence and is extremely rare. .The 
mobile fragment is easily recognized 
and immobilized. 

Fracture of the Internal Condyle. — 

ddiis is caused by indirect violence 
through forcing upward the condyle 
with the ulna attaclied to it. The line 
of fracture runs from the inner side 
of the humerus downward and out- 
w'ard to tlie cciiler of the trochanter 
or between it and the capitellum. 
Ligamentous aiLachment to the ulna 
usually prevents any marked displace- 
ment, and the .swelling all about the 
joints usually obscures such displace- 
ment as there is. The forearm is 
adducted, however, and abnormal ad- 
duction and abduction are possible 
at the elbow. (These movements can 
only be distinguished from rotation 
of the humerus when the joint is in 
full extension: a j)osition but rarely 
obtainable except under anesthesia.) 
Independent mobility of the fragment 
and tenderness on transcondylar 
pressure should be .sought for. Coin- 
cident dislocation of the radius back- 
ward from the external condyle leaves 
that part of the humerus prominent 
anteriorly (see Dislocations). Un- 
less such dislocation Is present, the 
altered relations of the epicondyles 
and olecranon are likely to be distin- 
guishable through the swelling. 

The treatment is by immobilization 
in the usual semiflexed position. The 



780 


FRACTURES (STIMSON AND BABCOCK). 


positioas of extreme flexion or exten- 
sion which have been advocated are 
inconvenient and present no advant- 
ages. If the fragment will not remain 
in place, it must be cut down upon 
and fixed by suture. Angular deform- 
ity is liable to ensue from suspension 
of the elbow, as in supracondylar 
fracture, and may occasionally follow 
premature ossification of the epiphy- 
sial cartilage after fracture of the 
internal condyle in the adolescent. 
Excessive formation of callus is likely 
to impair the functions of the joint, 
especially in the young. 

Fracture of the External Condyle. 
— The fragment consists of the exter- 
nal condyle, the capitellum, and part 
of the trochlea. The symptoms are 
the same, mutatis mutandis, as those 
of fracture of the internal condyle, 
but the disability is usually less. As 
more or less rotation of the fragment 
is liable to occur, the most difficult 
part of the treatment is reduction, for 
which an operation may be necessary. 
Under such circumstances Kocher has 
exsccted the condyle, with good re- 
sults. 

After the reduction has been ac- 
complished there is little difficulty in 
retaining the fragment in place, and 
three weeks in a posterior molded 
splint with the joint at midflexion 
suffices for a cure. Excessive callus 
may interfere with the function of the 
joint. 

Separation of the Epiphysis. — This 
accident is very rare. The epicon- 
dyles may or may not remain attached 
to the upper fragments. The chief 
symptoms are pain on pressure of 
the forearm against the arm, abnor- 
mal mobility, and cartilaginous crepi- 
tus. The treatment is the same as 
that of supracondylar fracture. 


Subepicondylar Fractures. — These 
usually involve both trochlea and 
capitellum, very rarely the trochlea 
alone. If there is no deformity, the 
fracture may be trusted to heal under 
immobilization. But if there is per- 
sistent displacement the fragment or 
fragments should be excised. The 
fluoroscope may be of great assistance 
in diagnosing obscure lesions about 
the elbow-joint, but most cases can 
be diagnosed and treated without its 
aid. 

After-treatment of Fractures about 
the Elbow. — After the three or four 
weeks that are necessary to obtain 
union of the fracture, the elbow will 
be found quite stiff. If this stiffness 
is due solely to adhesion and capsular 
retraction, it may be expected to dis- 
appear after some weeks of natural 
use of the limb. Excessive callus, 
loo, will diminish rapidly, and it is 
doubtful whether any treatment will 
hasten its absorption. Forcing of the 
joint is harmful, as a rule, and if con- 
valescence is too slow elastic traction 
to increase flexion and a weight on 
the hand to increase extension may 
hasten matters a little by supplement- 
ing the patient's own efforts. Oste- 
otomy or arthrotomy may be resorted 
to after several months have elapsed ; 
but the more conservative the treat- 
ment, the better will be the results. 

FRACTURES OF THE RADIUS 
AND ULNA, — Fracture of the* 
Olecranon. — This may be at the tip 
or near the base. The mechanism 
is usually indirect violence combined 
with the action of the triceps, the 
olecranon being broken across the 
trochlea as a stick would be across 
one's knee. Aponeurotic and peri- 
osteal lacerations are .usually slight, 
and consequently there is little or no 
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displacement. The mobility of the 
fragment is readily recognized. 

Treatment.— If the displacement 
is slight, and is not increased by 
flexion the elbow may be immobilized 
midway between full extension and 
flexion at a right angle. In othcr 
cases the elbow must be retained in 
full extension, and it may even be 
necessary to pull the olecranon hIowii. 
The simplest method of’ traction is by 
a narrow strip of adhesive plaster run- 
ning up the side of llie forearm over 
the upper border of the olecranon and 
down the other side. In cases with 
separation of the fragments open 
operation and suture of the torn 
triceps expansion is indicated. An 
anterior molded splint gives satisfac- 
tory immobilization and ])crinits ob- 
servation of the displacement. Union 
is likely to be fibrous, and, in those 
cases in which this greatly impairs 
the use of the limb, the fracture may 
be freshened and sutured. 

Fracture of the coronoid process is 
extremely rare except as a complica- 
tion of dislocation. As the brachialis 
anticus and capsule are attached to 
the bone below the pr(»cess, it^ dis- 
placement is slight and it unites 
kindly under immobilization at a right 
angle (to prevent recurrence of the 
dislocation). 

Fracture of the head and neck of 

the radius are much more common 
than was formerly believed. Of 29 
cases which came under the obser- 
vation of Ilitzrot, 19 involved the 
head and 10 the neck. 

In 15 cases of fracture oi the head 
there was but little displacement of 
the fragments. In 4 cases the frag- 
ments were displaced anteriorly. 

The disability was ratiier charac- 
teristic in all types. The arm was 


held in flexion midway between pro- 
nation and supination and both the 
latter movements were im])os.siblc. 
I’ain was markedly increased by ab- 
ducting the arm and pressing over 
the head of the radius, and especially 
so, if pronation and supination were 
attempted in the abo\e position with 
the above pressure. 

Treatment. — In the writer’s 15 
ca.ses without displacement the arm 
was su])])orted by a ])ostcrior splint, 
baking begun on or before the third 
day, and massage beh)re the second 
baking, i.i’., on the fifth day. Move- 
ments in flexion and extension were 
begun as soon as the swelling sub- 
.sided, usually about the tenth day. 
ITonation and supination were begun 
about the fifteenth day. Result: 
h'lexion and extension wtre complete 
in all the cases. In 2 cases (chii)ping 
off of the radial side of the head) 
pronation and supination were so 
slightly altered as to be classed a.s 
j^erfect. In 11 cases jironation and 
.su])ination were half of that on the 
normal side. In 2 of the same type 
as the first 2 mentioned cases, but 
with the line of fracture beginning 
well to the ulnar side of the articular 
.surface of the head and extending 
outward. through the head, supination 
was one-quarter and pronation one- 
half normal. Both the latter ca.ses 
have some pain during pronation and 
supination. 

In the 4 cases with displacement of 
the fragments the X-ray was neces- 
sary for diagnosis of the displace- 
ment. In 2 the head was broken into 
three fragments, two of which were 
displaced anteriorly while one frag- 
ment remained in position. In this 
type the entire head was removed by 
cutting through the neck about one- 
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half inch below the articular surface 
of the head and removing the .head. 

In the remaining 2 cases the head 
was broken in one place only and the 
fragment which was radially placed 
was displaced outward and forward, 
and in this type the fragment only 
was removed. 

The after-treatment was .similar in 
other respects to that pursued in the 
fractures without displacement. 

RevSult: The resulting motion was 
better in those cases in which the 
head was removed and better in that 
case in which the most bone was re- 
moved (i.r., the neck cut through at 
the lowest possible level). In the 
last mentioned case supination was 
present to seven-eighths the normal 
and pronation was complete. In the 
other case of com])lete removal, supi- 
nation was two-thirds normal and 
pronation seven-eighths normal. 

In the 2 cases of partial removal of 
the head supination was one-half 
normal, pronation two-thirds normal, 
and pain was present during either 
movement in 1 of the cases for nearly 
a year. 

The 10 cases of fracture of the neck 
of the radius were all transverse in 
type and involved that portion of the 
shaft about one-half inch below the 
head. The X-ray was used to con- 
firm the location of the fracture, and 
in none of the cases was there any 
marked displacement. 

With the arm in the midpasition be- 
tween pronation and supination a U- 
shaped plaster splint (see fractures 
of both bones of forearm for details) 
was applied and left on for from three 
to five weeks. Massage was begun 
on the tenth day and passive motion 
and rotation at the end of the third 
week. 


Pronation was complete in 2 cases 
and in these 2 supination was also 
nearly complete. In the other 8 cases 
pronation was two-thirds normal and 
supination live-eighths normal. 

Fractures of the Shaft of One or 
Both Bones. — Fracture is usually in 
the middle or lower third of the fore- 
arm, and the radius is usually frac- 
tured at a higher level than the ulna. 
Fracture of a single bone is most fre- 
quently due to direct fracture of both 
bones to indirect violence. Green- 
stick fractures are more common in 
the radius than in any other bone. 
Displacement in any direction may 
occur, and, if unreduced, is of special 
importance as affecting the rotation 
of the forearm. A peculiar displace- 
ment is that of supination of the 
upper fragment of the radius by the 
biceps when the bone is broken above 
the insertion of the pronator teres. 
According to most authors, unless 
the limb in such case is immobilized 
in extreme supination a permanent 
loss of that motion will result. Prac- 
tically, however, the impairment to 
supination when the limb is kept in 
the usual semipronated position is 
unimportant. Of far greater impor- 
tance is the total loss of rotation that 
follow.s fusion of the two bones even 
when a lateral enarthrosis appears in 
the callus, as is rarely the case. The 
points that favor such a fusion are: 
(1) persistent displacement of the 
bones toward each other, (2) exces- 
sive callus from insufficient immobili- 
zation or imperfect reduction, and (3) 
the rare occurrence of fracture in both 
the bones at the same level. 

In fractures of a single bone the 
displacement is usually slight, and 
the diagnosis may be difficult. A 
point of local tenderness may be 
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found with either crepitus, false mo- 
tion, or irregularity of the surface of 
the bone. In fractures of the ulna 
alone the head of the radius is often 
dislocated forward and upward. 

Treatment. — Reduction by traction 
and local pressure, special attention 
being paid to the correction of any 
displacement of the bones toward each 
other, forcing them apart by deep 
pressure with the finger-tips on the 
front and back of the forearm. Green- 
stick fractures must be reduced by 
forcible bending, even completing the 
fracture, if necessary. Circular con- 
striction of the limb should never be 
applied, for this is a most fruitful 
source of gangrene. The arm should 
be placed midway between pronation 
and supination with the elbow flexed 
to a right angle. 

The best splint is a U-shaped 
molded plaster splint, which should 
begin at the base of the lingers on the 
palmar side, pass up the anterior 
surface of the arm about the flexed 
elbow, and down the dorsum to the 
base of the fingers. This is carefully 
bound in place, avoiding circular con- 
striction. The patient should be en- 
couraged to move the finger from the 
start. Firm union occurs in from six 
to fourteen weeks, but delayed union 
is quite frequent. 

In fractures of the ulna at its upper 
third with dislocation of upper end of 
radius the writer urges the abandon- 
ment of simple arthrotomy or excision 
of a portion of the radius in this con- 
dition, and advises treatment as fol- 
lows: In recent cases reduction with- 
out operation should first be attempted. 
The joint should be immobilized in 
the acutely flexed position and two 
radiograms from different aspects taken, 
’if the radial head is not in place, or if 
there is overlapping or ar::ular displace- 
tpent of the ulna, which would prob- 


ably later hinder supination and prona- 
tion, operation after at least a week has 
elapsed is indicated. J. Abadie (Presse 
med., Jan. 18, 1913). 

The writer argues against the cus- 
tomary immobilization of elbow frac- 
tures in children in plaster casts for 
3 weeks. Reduction and fixation can 
nearly always be effected more easily 
and completely in the extended posi- 
tion. This permits ready reduction of 
lateral displacements and even of co- 
existing dislocations. Consolidation 
takes place so rapidly that in 10' days 
flexion can be substituted and the 
joint then immobilized again for 10 
days. Complete mobility of the 
elbow is thus preserved and recovery 
of function hastened. The author re- 
ports 35 successful cases. Mayet 
(Presse med., Jan. 7, 1918). 

Many deformities follow in these 
cases because of reluctance to put pa- 
tients to bed. Traction is essential. 
Suspension of the forearm in the per- 
pendicular position, with the elbow 
flexed at right angles, is the most 
satisfactory position. In operative 
treatment, the site of election for in- 
cision is lateral, either on the radial 
or the ulnar side, or both. Fingers 
and hand should be moved regularly 
and systematically as soon as pos- 
sible. Magnuson (Jour. Amcr. Med. 
Assoc., Mar. 18, 1922). 

Fractures of the Lower End of the 
Radius (Colles’s Fracture). — This is, 
after fracture of the ribs, the com- 
monest of all fractures. It is gen- 
erally produced by a fall upon the 
palm of the hand. The line of frac- 
ture runs irregularly across the bone 
within an inch of its articular edge. 
In the young it commonly follows the 
epiphysial line. The lower fragment 
is tilted back and impacted. It may 
be comminuted. The upward dis- 
placement is not great, but the tilting 
and crushing carry the styloid process 
of the radius to a higher level than 
that of the ulna, which is made promi- 
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nent by the shifting over of the 
carpus. The periosteum on the back 
of the radius remains untorn. The 
styloid process or shaft of the ulna 
may be broken. Rarely the internal 
lateral ligament is torn. 

The characteristic symptoms are 
the so-caClled ‘‘silver-fork” deformity — 
a backward displacement of the whole 
hand and the lower end of the radius, 
producing a swelling over the back of 
the wrist and a deep crease in the 
front. The styloid process of the 
ulna is prominent and lower than that 
of the radius. Crepitus and mobility 
are usually absent. There is a line 
of tenderness along the line of frac- 
ture. 

Automobile fractures are cases of 
fracture of the lower and usually outer 
end of the radius caused by the sudden 
and violent reversal of the starting 
crank of an automobile, the so-called 
“kick-back.’^ Only those produced in- 
directly by the force acting through the 
palm of the hand are meant. The 
X-ray picture in a typical automobile 
fracture will show a fracture line in 
the lower end of the radius below the 
usual site of a Colies fracture. This 
line runs either transversely across the 
bone or, what is more common, ob- 
liquely into the joint. There is no im- 
paction, no displacement, and conse- 
quently little or no deformity. There 
is, as a rule, no crepitus, little deform- 
ity, swelling, pain, or discoloration. 
The loss of function also is slight, 
though rather greater than the other 
clinical symptoms would call for. 
Gentle motion can be made; forced 
ones are painful. There is a distinct 
point of tenderness on the lower and 
outer end of the radius, and this clinical 
sign is always present and shows, in this 
fracture perhaps more than any other, 
the value of pressure-point tenderness 
in the diagnosis of fractures. The 
diagnosis must often be made from the 
history and this sign alone. An X-ray 
is to be taken when possible. In regard 


to treatment, the less done the better, as 
a rule. Any attempt to improve the 
slight deformity is unnecessary. The 
author’s cases proceeded to a speedy 
and full functional recovery without 
any manipulations. He recommends 
immobilizing, and, after a week, daily 
massage and motion of the joint. Re- 
covery is usually complete in three 
weeks. W. H. Winterberg (Calif. Jour. 
Med., Feb., 1912). 

In an analysis of a series of 3785 
forearm fractures that had been 
roentgenographed in the Howard and 
University of Pennsylvania Hospitals, 
the writer found that over 7 per cent, 
were due to backfire. Of these the 
so-called Colics headed the list, con- 
stituting 27.6 per cent, of the total 
number, while the so-called chauffeur 
fracture (styloid of the radius) amounted 
to 25.2 per cent, of the number. 
Kliason (Jour. Med. Soc. of N. J., 
Mar., 1925). 

The diagnosivS from dislocation is 
given under that heading. 

Treatment. — The simplest way to 
break up the impaction is for the sur- 
geon to grasp the forearm firmly just 
above the fracture. With the other 
hand he then grasps the injured hand, 
placing his thumb lightly on the back 
of the lower fragment. Dorsal flexion 
is made until the patient complains of 
pain, and then with a sudden move- 
ment the dorsal flexion is increased 
and simultaneously strong pressure is 
made on the lower fragment. In a 
moment the fracture begins to give, 
the dorsal is quickly exchanged for 
palmar flexion, the wrist being pried 
backw^ard, and the resultant crepitus 
announces the dissolution of the im- 
paction. 

Inspection should thereupon show 
that the “silver-fork” deformity has 
disappeared. The impaction once 
thoroughly broken up, the bones tend 
to remain reduced, and should be im- 
mobilized by anterior and posterior 
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plaster splints, which need not ex- 
tend so far up the forearm as for 
fractures of the shaft (q.x'.). Mas- 
sage is very useful to shorten the 
convalescence and can best l)e used 
if, instead of wooden splints, molded 
plaster ones are used, extending- from 
the middle of the forearm to the 
metacarpophalangeal joint both in 
front and behind. The hand is most 
comfortable in slight dorsal flexion. 

Always anesthetize the patient and 
adjust the fraf^inents so that soft 
structures within the annular li^^a- 
ment will he freed from compression. 
Av>ply a short and light molded 
splint of carijoard iiosteriorly and a 
small loose roll of gauze anteriorly. 
If this does not hold the fragment 
nicely in place, add a cardboard splint 
anteriorly. After 3 weeks remove the 
splints but retain the sling for an- 
other week. Also after 3 weeks ex- 
cite a Bier’s hyperemia daily with the 
rubber bandage, or by plunging the 
hand and wrist alternately into hot 
and cold water for 5 minutes morning 
and night. Add massage as long as 
seems desirable. R. T. Morris (N. Y. 
Med. Jour., Jan. 6, 1917). 

The writer’s personal method of re- 
duction is to reverse the mechanism 
of the production of the deformity. 
Thus, if the ulna is the fixed point 
about which the hand is displaced, it 
is made the fixed point about which 
one reduces; if the hand is displaced 
in extension, it is reduced in flexion, 
and if it is displaced in a rotation of 
supination about the ulnar head, it is 
reduced in pronation. After the ob- 
vious displacement of the radius is 
corrected, the hand is carried about 
the ulnar head as a fixed point into 
pronation and flexion. A good deal 
of force is directed up under the ulnar 
head, a strong force flexes the hand, 
and a twist of the whole hand about 
the ulnar head finishes the work. The 
average splints are often inefficient. 
The position is best held in flexion, 
and flexion is best held in plaster, pre- 


ferably applied as strip splints of 8 to 
10 layers of plaster-of-Paris bandage, 

1 on the back from elbow to linger 
knuckles, 1 in front from upper fore- 
arm to palm, these caught with a few 
turns of plaster bandage. One should 
watcli carefully for interference with 
circulatK^n, if necessary slitting the 
plaster after a day or two. The flexed 
position is abandoned after a fortnight 
and straight sjilints then worn for a 
week. V, I. C otton (Boston Med. and 
Surg. Jour., Dec. 4, 1919). 

Other Fractures Near the Wrist. — 

C'ascs have been recorded of reversed 
CoIles’.s fracture from d fall on the 
back of the hand. The lower end, or 
styloid jirocess, of the ulna may be 
fractured alone. The so-called Bar- 
ton fracture of the anterior or pos- 
terior lip of tlie articular surface of 
the radius is mered}^ incident to dis- 
location of the car])us 

FRACTURES OF THE CAR- 
PUS. — Since the advent of the X-ray, 
fractures of the car])al bones are 
found to be more common than was 
formerly supposed. Of these frac- 
tures, fracture of the scai)hoid and 
fnicture of the scajihoid with dislo- 
lation of the semilunar arc the most 
common. Fractures of the os mag- 
num, semilunar, trapezium, cunei- 
form and pisiform are rare and an 
X-ray picture is needed for diagnosis. 

Fracture of the Carpal Scaphoid. — 
Etiology. — A fall or blow upon the 
ball of the thumb with the wrist in 
dorsal flexion. 

J^vnioLOGY. — The line of fracture 
is transverse and usually nearer the 
proximal portion of the bone. The 
fragments are more widely separated 
in ulnar flexion and closer together 
in radial flexion of the hand. When 
one fragment is displaced it is usu- 
ally the proximal fragment and the 
displacement is anterion 


4—60 
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Symptoms. — Pain in the wrist-joint, 
limitation of all movements, swelling 
and tenderness upon digital pressure 
in the anatomical snuffbox between 
the thumb extensors, especially in 
radial flexion of the hand. 

Diagnosis. — The X-ray is necessary 
to confirm the diagnosis. 

Prognosis should be guarded. As 
a rule, there is some limitation of 
motion and pain on long use. 

Treatment. — In cases without dis- 
placement, a palmar splint with hand 
in radial flexion, early massage, and 
baking. 

Where the proximal fragment is 
displaced, incision and removal. 

Fracture of the Scaphoid with Dis- 
location of the Semilunar. — The cause 
is the same as that of scaphoid with 
some additional force pres.sing the 
hyper flexed hand either directly or 
obliquely toward the radius. 

Symptom.s. — Pain, disability, ten- 
derness in the snuffbox, and a hard, 
bony swelling beneath the extensor 
tendons ; shortening of the wrist, and 
radial deflection of the hand and 
prominence of the lower end of the 
ulna. 

Treatment. — Excision of the semi- 
lunar and displaced proximal frag- 
ment of the scaphoid. 

The prognosis and after-treatment 
is the same as in fractures of scaphoid. 

Metacarpal Fractures. — The base 
of the first metacarpal is frequently 
broken (Bennett’s fracture) and is 
easily recognized. 

The other metacarpal fractures 
usually occur in the third and fourth 
bone and are caused by direct or in- 
direct violence. The injury is readily 
recognized. The tendency to dis- 
placement is slight. 


The X-ray has demonstrated the com- 
parative frequency of fracture of the 
metacarpal bones. This is especially 
noteworthy in boys under 18, in whom 
there is frequently a separation of the 
epiphysis due to direct violence. Cases 
of fracture from indirect violence are, 
however, not unusual. The diagnosis 
may be difficult without the X-ray, espe- 
cially when there is much swelling and 
much tenderness. The points to be ob- 
served in diagnosis are crepitus, un- 
natural mobility, displacement, ecchy- 
mosis, and swelling. Mackenzie (Pract., 
Oct., 1908). 

Of 401 cases of injury to the wrist, 
the writer found the scaphoid broken 
in 24, the semilunar in 5, the os 
magnum in 1, the unciform in 2, the 
trapezoid in 2, and the cuneiform and 
pisiform each in one. Fracture of the 
carpal bones a relatively frequent con- 
dition. Bendixen (Internat. Jour, of 
Med. and Surg., July, 1924). 

A favorite splint is made by fasten- 
ing the hand over a soft ball by means 
of a stri]) of adliesive plaster. An 
anterior splint well padded up in the 
palm serves equally well. 

The best method of treating meta- 
carpal fractures is by a long, palmar 
splint with adhesive strips at the wrist 
for counterextension and two strips 
applied to the finger after the manner 
of Buck’s extension apparatus; pads 
are placed above and below the line of 
fracture to prevent displacement. 

In fracture of a finger, an important 
point in the treatment is to maintain the 
alignment of the phalanx, and especially 
to guard against rotation of the distal 
fragment upon its long axis. In a com- 
pound fracture, the greatest care must 
be exercised in procuring absolute 
surgical cleanliness, since infection 
spells ruin, necrosis, and suppuration 
involving functional impairment. Any 
method of fixation giving complete 
rest to the part will suffice. A thin, 
wooden splint, narrower than the finger, 
is generally recommended, but the 
author prefers a plaster mold, which 
can be cut to fit any shape, size, or 
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condition. Jas. JelTerson (Penna. 
Med. Jour., May, 1912). 

Phalangeal fractures arc usually 
compound. The hand may be bound 
over a roller bandage by means of 
several strips of adhesive plaster, one 
for each finger. wStraight posterior 
splints may also be used. 

The writer encircles the wrist with 
8 or 10 turngf of plaster bandaf^e ex- 
tending below the styloid processes, 
fastens a longitudinal splint to the 
wrist by a second plaster bandage 
over the first, and institutes extension 
with rubber tubing 5 or 6 millimeters 
in diameter, passed througli a loop oi' 
adhesive beyond the finger tip, 
through a hole in the splint. Lance 
(Presse med., Aug. R, 1918). 

FRACTURES OF THE PELVIS. 

Fractures of the Ring. — Under this 
title are grouped all fractures that 
dissolve the continuity of the pelvic 
ring. Such fractures must, of neces- 
sity, be vertical in the main Lhey 
are usually caused by a crushing from 
before backward. The line of frac- 
ture usually runs through tlie upper 
(just internal to the pectineal emi- 
nence) and lower (near its junction 
to the iscliium ) rami of the pubic 
bone. Such a fracture may be bi- 
lateral, and associated with a vertical 
fracture of the sacrum, a separation 
of the sacroiliac synchondrosis, or a 
fracture through the ilium behind the 
acetabulum. These arc tlie double 
vertical fractures of the pelvis. This 
double fracture may also occur from 
a fall on the foot, or the same cause 
may dislocate the os innominatum at 
both symphyses. Or it may cause a 
radiating fracture of the acetabulum 
with or without penetration of the 
femoral head through the hone. 
Fractures of the ring :.re usually 
comminuted. Displacement of small 


fragments or a general mobility, with 
crepitus, of the whole pelvis may 
often be recognized. Jn double verti- 
cal fracture the fractured hone is 
often tilted ; so that tlic superior strait 
is widened, tlie inferior strait nar- 
rowed, and the limb apparently 
shortened. Rupture of the mem- 
branous or prostatic uretlira is almost 
inevitable, and the other common in- 
juries are rupture of the pelvic vessels, 
the rectum, the bladder, and the 
ureters. 

Trf..\tmi:nt. — The associated in- 
juries demand ininicdiate attcnti{)n. 
For the fracture itself re.st in bed with 
even compression all around the 
jndvis is all that can he done, except 
in cases of tilting of the os innomina- 
tum, in which traction should he made 
as after fracture of the thigh. 

X-ray ana rectal cxaininations are 
always indicated in pelvic fractures. 
H. C. Mitchell (111. Med. Jour., xxxiii, 
107, 1918). 

Injtiry of the urinary apparatus 
wa.s found only in 2 out of 7 cases of 
fracture t)f the pelvis. If tlie urethra 
is ruptured, suprapubic cystostomy, or 
at least puncture, should be done at 
once. Clear urine shows that the ob- 
struction is below, and Ibis can await 
subsidence of the shock. Giiibal (Jour, 
d’lirologie niedicale et chirurgicale, 
Apr., 1923). 

Transverse fracture of the sacrum 
results from direct violence. The 
angular displacement forward may be 
corrected by pressure from within 
the bowel. A tendency to recurrence 
iias been prevented by the adaptation 
of the urethral striated cannula to the 
rectum. 

Coccygeal fracture resembles dis- 
location. It is rarely observed. 

Fractures of the ilium are com- 
paratively frequent and the result of 
direct violence. The crest of the 
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various spinous processes may be 
broken. The treatment is rest in bed. 

Fracture of the ischium in any of 
its parts is rare. 

Fracture of the pubes not extend- 
ing across both rami is also infre- 
quently met with. 

Fracture of the Acetabulum. — 
Fracture of the rim may complicate 
dislocation of the hip and may be 
so extensive as to favor recurrence. 
Stellate fracture may be indicated by 
pain on pressure through the thigh. 
Jf the head of the femur has perfor- 
ated the acetabulum it should be re- 
placed by traction. 


A. 



Fig. ISryant’s iliofomoral triangle. 

Nelaton’s line. (Owen, American Texl^hook 
of Surgery,) 

Report of the case of a boy aged 
10]/2 years who, while descending a 
stairway, was struck by a heavy fall- 
ing weight on the right shoulder and 
thrown to the ground. Sharp pain 
was felt at once in the inguinal and 
lower ileocecal regions. The writer 
was consulted after treatment had 
been given for 9 days for fracture 
of the neck of the femur. Examina- 
tion showed the lower right limb in 
complete extension but without any 
tendency to external or internal rota- 
tion. The right leg showed a short- 
ening of about- 2 cm. as compared 
with the left. No pain was felt on 
pressure on the great trochanter 
along the entire femoral diaphysis to 
the femoral condyles. Pressure m 
the right crural region elicited sharp 
pain in the right suprapubic region, 
where a distinct swelling was pal- 
pated; movements of flexion of the 
right thigh on the pelvis and of in- 
ternal and external rotation were 


painful but slight extension move- 
ments were not. All movements of 
the thigh were communicated to the 
tumor mass. The symptoms point- 
ing neither to a fracture of the neck 
of the femur nor to a luxation of the 
hip, there remained only 2 possibili- 
ties: Either the acetal)ular cavity had 
been forced in, or there was total 
fracture of the acetabulum- The 
author favored the latter assumption 
because: (1) in cases of embedding 
of the acetabulum flexion is either 
very limited or absent, (2) the char- 
acteristic crackling sound on rota- 
tion was lacking, and (3) the ease 
with which the limb could be put in 
its normal length and position with- 
out causing pain. E. Casati (Poli- 
clinico, xxviii, sez. prat., 118, 1921). 

FRACTURES OF THE FE- 
MUR. — Fracture of the Neck of the 
Femur. — The division of thcwse frac- 
tures into intracapsular and extra- 
capsular has no clinical value and is 
not borne out by post-mortem find- 
ings. The more accurate classifica- 
tion is: (1) fractures through the 
narrow part of the neck, and (2) frac- 
tures at the base of the neck. Clin- 
ically, it is often impossible and 
never necessary to distinguish be- 
tween the two. 

Symptoms. — The chief deformity is 
shortening of the limb with eversion. 
The eversion is usually slight, often 
absent, and rarely exchanged for in- 
version. The shortening may appear 
at once or may only come on grad- 
ually. In the latter case, under ap- 
propriate treatment the shortening 
may never appear at all. In measur- 
ing for shortening the greatest care 
must be taken to compare the limbs 
when placed in exactly similar posi- 
tions. There is also a fullness in the 
outer part of Scarpa’s triangle, and 
the fascia lata above the great tro- 
chanter is relaxed, as compared with 
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the other side, on account o{ the ele- 
vation of the trochanter. Normally 
the upper border of the great tro- 
chanter just touches Nelaton's line 
drawn from the anterior superior 
spine of the ilium to the tul)erosity of 
the ischium {A-B, Fig. 7). In frac- 
ture of the neck, with shortening, the 
trochanter rises above this line, and 
the amount of displacement may be 
measured by means of Bryant’s ilio- 
femoral triangle, variations in the 
length of the line C-D (which is at 
right angles to A-C\ a perpendicular 
dropped from the anterior superior 
spine of the ilium) indicating the 
displacement of the trochanter. If 
the trochanter is split, it is ])road- 
cned in comparison with its fellow. 

Cre])itus can rarely be ol)laincd. 
Pain may be diffuse, but pressure 
over the neck of the femur is likely 
to be painful, as is upward pressure 
of the femur. A few cases arc re- 
ported in which the patient has 
walked on the limb, Init us 4 .ially loss 
of function is complete and all the 
movements of the joint restricted. 

The history of a tyi)ical case is as 
follows: An elderly person, prefer- 
ably a woman, while walking about, 
stumbles and falls to the floor, with 
perhaps little violence. She cannot 
rise, and complains that every move- 
ment of the hip is painful. Examina- 
tion will reveal symptoms as indi- 
cated above. 

Diagnosis. — The diagnosis between 
the fractures through the neck and 
those at the base is often impossible. 
Splitting of the trochanter is a sure 
sign of the latter, while after the 
former it is believed that shortening 
is more likely to be secondary. 

In dislocation the motions of the 
limb are restricted in certain definite 


directions and the head can be felt 
while in the usual dorsal dislocation; 
the emptiness of the acetabulum 
may be determined by pressure on 
Scarpa’s triangle. 

In subtrochanteric fractures the 
trochanter doe.s not share in gentle 
rotation im])arted to the shaft. 

In old ])ersons it is not rarely an 
absolute iiujx )ssibilit y to diiferenti- 
ate contusion of the hip from frac- 
ture of the neck of the femur. In 
such a case, when the sole symptoms 
are i)ain and disability, treatment for 
fracture should be instituted without 
the slightest hesitation, the patient 
being bedridden in any event, and 
this treatment should be continued 
for at least three weeks and until all 
pain and soreness have disa])j)eared. 
'rhus, if it turns out to be a contused 
hip, the ])atient lias not been unduly 
inconvenienced, while if it be a frac- 
ture he has been given the best 
chances of recovery and the surgeon 
has, perha])S, avoided a suit for mal- 
practice. 

ETioi.ociY. — As has already been in- 
dicated, fracture of the neck of the 
femur is usuall}'' caused by a com- 
]>aratively slight injury to an old 
j)erson, usually a woman. In the 
young a much greater amount of 
violence is re(tuired to break the 
bone. 

Pathology . — In fractures through 
the neck the cancellous tissue is 
crushed, but impaction is rare. The 
head of the bone may be sjdintered. 
As a portion oi the periosteum habit- 
ually remains untorn, the vitality of 
the head is insured thereby, and 
union, fibrous at least, may be ex- 
pected. Fractures at the base are 
likely to be impacted and the line of 
fracture may split the great tro- 
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chanter. The greatest impaction is 
usually behind ; hence the thigh 
tends to rotate outward. The callus 
is often excessive. 

pROGNpsis. — The prognosis, even as 
regards life, is far from cheering. 
The aged and feeble patient is liable 
to pass into a cachectic or demented 


Premonitory signs of dementia must 
be watched for, and if the patient 
seems to be failing he must be gotten 
out of bed, whether his thigh has 
united or not. In this event the hip 
should be disturbed as little as pos- 
sible and the patient allowed to re- 
cline in a wheel-chair. Pressure over 



Fltf. 8.— Adhesive plaster cut for Huck’s extension. (Stimaon.) 



Fig. 9.— Adhesive plaster folded for Buck’s extension. {S//wxoft.) 


State and thus to fade away, often 
hypostatic pneumonia. 

Or he may die in a few days by 
the shock. After he has passed the 
third week, however, the prognosis 
is good. As to union, it may be fib- 
rous or fail entirely, such a result 
entailing in some cases no disability 
to speak of beyond the inconvenience 


the trochanter will encourage union, 
the pressure to be made by a pad 
under a ])elvic band worn as tight as 
is compatible with the patient\s com- 
fort. 

From a comparative study of 116 
cases of fracture of the neck of the 
femur, mostly past 60 years of age, 
the writer believes that the mortality 
is less in cases properly treated in a 



of a shortened limb, while in others 
locomotion may be entirely lost. 

Treatment. — The first indication is 
to save the patient’s life, and to this 
all else must be subordinate. Such 
splints should be applied as will 
most promote the patient’s comfort, 
and the disturbance of repeated 
measurement and redressing avoided. 
Careful nursing, feeding, and stimu- 
lating are of capital importance. 


plaster cast than with any other 
method. He applies a cast from the 
nipple line to the toes. The patient^s 
position is changed every 2 hours for 
the first week and thereafter every 
3 hours. Very old or very feeble pa- 
tients are placed in a special chair 
and encouraged to eat their meals in 
this position. Walking on crutches is 
allowed at the end of 3 months, but 
weight-bearing is not permitted for 
at least 6 months. W. C. Campbell 
(Annals of Surg., Ixx, 600, 1919). 
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In Buck’s extension the traction is 
made by weight and pulley over the 
foot of the bed, which may be raised 
for counter-extension. It is applied 
as follows : A strip of stout adhesive 
plaster (the so-called “moleskin- 
diachylon” plaster, although it is 
rather difficult to apply, requiring to 
be heated before it will adhere — and 
if overheated it will blister the skin — 
is least irritating), four inches wide 


above it, and the bandage continued 
up over the plaster (B'ig. 10). The 
cord is then carried over the pulley 
at the foot of the IhxI and attached 
to a weight of from 5 to 20 ])ounds, 
the heavier weights only being ap- 
])licd to rolnist and young patients 
whose shortening is not done away 
with ])y the lighter ones. Outward 
rotation is pr(‘vented by employing 
Volkmann’s sliding rest (Fig. 11), 



Fiff. 11.— Volkmann's slldlnjr rest for fracture 

and long enough to reach from well 
above the knee loosely around the 
sole of the foot and back above the 
knee again, is cut as shown in Fig. 
and a small perforated block of wood 
placed at its center. Through the 
hole in the wood and a corresponding 
one in the plaster a cord is passed, 
so knotted at the end that it cannot 
slip through. The edges of the plas- 
ter are now turned down over the 
block and each other (Fig. 9). A 
roller bandage (preferably of flannel) 
is applied to the foot and lower third 
of the leg, the adhesive piaster ap- 
plied to the sides of the leg and thigh 


E the thitrb. {American Textbook of Surgery.) 

and saiul-l)ass aloiifj: the outer side 
of the thi|jh. 

Hodgen’s splint (Fig. 12) consists 
of two iron rods .slightly bent at the 
connection of their up])er and middle 
thirds and attached together by a 
straight bar at the lower ends and a 
curved one at the upper. The limb 
being attired as for Ruck’s extension 
(Fig. 10) the cord is attached to the 
straight cross-bar and a number of 
narrow comjmesses or pieces of 
bandage are pinned to one rod, 
passed under the limb, and pinned 
to the other in such a way as to give 
uniform support to the limb when 
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it is raised from the bed. The ap- 
paratus is supported by two loops 
tied to a cord which is attached to 
a crane at a point at least four feet 
above the bed and at an angle of 
about ten degrees from the vertical. 

Traction hip-splints, such as are 
used in hip-joint disease, have also 
been applied here. Their use is cer- 
tainly a great convenience and will 


geon need have no hesitancy in sepa- 
rating the fragments. By the abduc- 
tion or the operative methods of 
treatment the patient may be saved 
much disability. For adequate sup- 
port, the cast should pass from the 
nipple line to the ankle of the af- 
fected side and to the knee of the 
unaffected side during the first 
weeks of treatment. 



Fifif. 12.— Hodfifen’s splint. {American Textbook of Surgery.) 


doubtless be more frequent in future. 
Unfortunately, however, they cannot 
be used by the very ones who need 
them most — the aged and infirm. 

When the shortening has once been 
reduced some surgeons prefer to ap- 
ply a plaster splint from waist to 
ankle at once. Pressure may be made 
over the trochanter through a fenes- 
tra to encourage union. 

Of the non-operative methods. 
Whitman’s treatment by use of an 
extensive cast with the thigh held 
in marked abduction has given ex- 
cellent functional results. With im- 
paction in a poor position, the sur- 


In the author’s method, the patient, 
under anesthesia, is placed upon a 
pelvic support provided with a perin- 
eal bar. If the fracture is complete, 
the trochanter having been lifted to 
the normal plane, the shortening is 
reduced by direct manual traction on 
the extended limb, which is at the 
same time rotated inward, thus op- 
posing the fragments. Both limbs, 
extended and under manual traction, 
are then abducted to the full limit, 
on the sound side first, to demonstrate 
the normal range and to balance the 
pelvis. When this limit is approached 
on the injured side the tension on the 
capsule aligns the fragments in a 
horizontal plane, and finally forces the 
neck fragment against the inner and 
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resistant head fragment. This mut- 
ual pressure, the first essential of sta- 
bility, is further assured by the in- 
clusion of the line of fracture within 
the acetabulum by the apposition of 
the trochanter and the side of the 
pelvis, and by the muscular impotence 
incidenta*! to complete abduction. A 
long plaster spica is then applied, 
which, by fixing the limb in com- 
plete abduction, extension, and slight 
inward rotation, insures the contin- 
ued effectiveness of the anatomical 
splinting. Out of 28 iiitracapsular 
(central) fractures thus treated. 24 
recovered with bony union and good 
function (89.2 per cent.). Similar re- 
sults were attained in the extracap- 
sular cases. Whitman (N. Y. State 
Jour, of Med., Dec., 1920). 

Operative Treatment. — The 1)est 
treatment of fracture of the neck of 
the femur without destruction or al)- 
sorption of the neck is by operation 
with the introduction of an auto- 
genous bone peg. That made from 
the fibula, by reason of its size and 
strength, is especially dcsira])lc. The 
femur is drilled from the great tro- 
chanter, through the neck, into the 
head of the bone, and the bone trans- 
plant firmly driven or screwed into 
place. Where the neck has been ab- 
sorbed, as shown by X-ray study in 
eversion and inversion, Brackett’s 
operation is to be preferred. 

Tn fractures of the femur in the 
aged, tb'e writer recommends artifi- 
cial impaction, which affords immedi- 
ate bony contact and insures an ade- 
quate blood supply for union. With 
the patient under anesthesia, the limb 
is pjaced in extreme abduction and 
strong traction, with slight internal 
rotation. The great trochanter, pro- 
tected by 2 layers of felt, is struck 3 
or 4 swinging blows with a large 
wooden mallet. A light plaster-of- 
Paris cast is applied extending from 
below the knee to the waiat line and 
including the sound limb to the knee. 
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The anesthesia lasts only 5 or 10 
minutes, and there is no shock to the 
patient. 'I'lic latter is i>laccd on a 
fracture bed e<iuipped with a special 
frame and elevating device, enabling 
the nurse to raise liim with ease. 
The cast may be removed as early 
as the eighth week; l>ijt if well borne, 
it should l)e left on for 12 weeks. By 
the end of the fourth month the pa- 
tient is up and about on crutches. C'. 
T). l.ockwood (dVans. West. Surg. 
Assoc.; Jour. Amcr. Med. Assoc., 
Jan. 10. 1920). 

Excision of the head for non-union 
has been done with varying success. 

Fractures of the Great Trochanter. 
— The trochanter alone may he sepa- 
rated by direct violence, or the line of 
fracture may pass through the neck 
above the lesser trochanter and 
thence tlirough the lower part of the 
great trochanter. In such cases there 
are the usual signs of fracture of tlte 
neck, to which arc added independent 
mobility of the trochanter and a 
prominent tender spot in front of it. 

T RE AT MEN i\ — Hodgcn’s splint. 

Fracture of the Shaft. — Under this 
head may he inchulcd hotli “sul)tro- 
chanteric” and ‘‘supracondylar” frac- 
tures. The line of fracture is usually 
obIi(|UC and there is both overriding 
and angular deformity. As the line 
of fracture usually runs downward 
and forward the angle is made by 
the posterior fragments being drawn 
up behind it. The upper fragment is 
often rotated outward. In fractures 
of the upper third the upper frag- 
ment is usually abducted. In those 
of the lower third its sharp point is 
liable to pierce the quadriceps and 
even the skin. The shortening may 
be determined by measurement, the 
abnormal mobility by gently elevat- 
ing the limb beneath the point of 
fracture. The trochanter is not dis- 
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placed upward. A complicating syno- 
vitis of the knee is common, lacera- 
tion of the great vessels rare. 

Prognosis. — Shortening of about an 
inch should be expected. 

Treatment. — Reduction is to be 
made gently. In fractures of the 
lower third, if the upper fragment 
has pierced the quadriceps and can- 
not lie disengaged l)y traction with 
the knee and hip strongly flexed, re- 
duction must be made through a free 
incision. 

Immobilization can be secured 
with Hodgen’s splint, but is best 
made by the Thomas traction splint. 
For general use, the Thomas splint 
is unexcelled, having produced in the 
world war, in fractures of the femur, 
results far superior to those o1:)tained 
in civil practice. It provides im- 
mobilization with access in case of 
compound fracture. It is important 
that the foot be kept at a right an- 
gle, that the normal anterior curve 
of the femur be supported, and that 
sufficient traction be used to produce 
complete reduction, or better slight 
elongation, on the afifccted side. To 
increase the extension, traction may 
be made to the splint from a Balkan 
frame or other piece of apparatus 
attached to the patient’s bed. Trac- 
tion should be maintained for about 
eight weeks, and support, as by a 
plaster cast or caliper splint or brace, 
continued for four to six months, 
especially where operative treatment 
has been used. Nlany cases in which 
the bone has been plated have failed 
from lack of external support for a 
sufficiently long period of time. 

The position of fixation for injuries 
of the shaft of the femur without 
flexion or abduction of the upper 
fragment should be 10° flexion and 


abduction at the hip and anteriof 
superior spine, the mid-point of the 
patella and the space between the 
second and third toes being in the 
same straight line. The foot should 
be dorsally flexed to a right angle. 

Analyzing? the results in fractures 
of the femoral diaphysis in children 
under 12 years of age, the writer 
warns that operations for fresh frac- 
tures of the femoral shaft in chil- 
dren are to be avoided. Immediate 
treatment should be given; every hour 
of delay diminishes the ease and pos- 
sibility of perfect reduction. Plaster 
casts are inadequate to maintain ex- 
tension and alignment. The most 
efficient method of holding the re- 
duction is continuous suspension trac- 
tion by means of a suspension splint 
and overhead frame. Walking should 
not be allowed until a walking caliper 
splint is fitted to the patient. This 
allows his weight to be borne on the 
ischium, and should be worn for 3 
to 6 months after he gets up or until 
the callus has become sufficiently 
hardened for weight-bearing. In most 
cases reduction was effected under 
anesthesia on a fracture table by me- 
chanical traction. If complete reduc- 
tion cannot be obtained the surgeon 
must be satisfied with the best re- 
duction possible, provided it will re- 
sult in good function, or he must per- 
form an open operation. Lane plates 
are suitable only for transverse frac- 
tures. In late cases all callus must 
be removed and at 6 weeks the plate 
should be removed. Autogenous in- 
tramedullary bone pegs are excellent 
for patients over 7 years old. K. 
Speed (Surg., Gynec. and Obstet 
xxxii, 527, 1921). 

When the traction does not cor- 
rect the deformity in ten days, open 
operation with reduction should be 
done. 

Ambulatory treatment as for frac- 
tures of the neck of the femur has 
proved satisfactory. Children under 
10 are best treated by vertical sus- 
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pension of both legs. The pelvis Intercondyloid fracture presents 
should be elevated about two finger- the same features as intercondyloid 
breadths above the bed, thus making fracture of the humerus, 
counterextension. Tue.\tmknt. — Any fracture of the 

For compound fractures the double femur involving the knee-joint should 
inclined plane (Fig. 13) is often most be immobilized in extension. A 
convenient. It affords no traction, molded posterior splint and slight 



Fig. l.'l.— Esmarch’s double inclined plane. (ZtiwartA and Kowalzi^.) 

but the loss of bone substance by traction will usually prove satisfac- 

comniinution usually renders trac- tory as far as the fracture is con- 
tion unnecessary. In other cases cerned ; but the chief dang^ers are 
Smith’s anterior splint, which acts gang^rene from injury to the popliteal 
like a suspended double inclined plane, vessels, and ankylosis or sup])uration 
is more appropriate. in the knee-joint. Some subsequent 

Fractures of the Lower End of the stiffness in the knee is always to be 
Femur. — Epiphysiolysis is more fre- anticipated. 



Fig. 14 .~llamilum's dressing for fracture of the patella. The final turns of the roller in front 
of the knee are not shown in cut. (Amrf uan Textbook of .Surjrery.) 

quent here than at any other point. Fracture of the Patella. — This is 
It occurs as late as the twentieth common between the ages of 20 and 

year, usually from torsion or hyper- 50. It may be comminuted when due 

extension of the leg. Associated in- to direct violence. Rarely it is verti- 

jury to the vessels is common. The cal. Ordinarily it is transverse and 

treatment is the same as for fractures due to muscular action, as in jump- 

of the shaft. avoiding a fall. The sudden 

Fracture of one condyle is usually pull of the cjuadriceps snaps the 

due to direct violence. Immobiliza- Iwne. The snap and a sharp pain 

tion should be made with +he knee are felt by the patient, and extension 

extended. almost completely lost. 
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The gap between the fragments is 
readily palpable, but is usually small 
at first, for the lateral ligamentous 
attachments of the u])per fragment 
prevent the quadriceps from draw- 
ing it up the thigh. The joint be- 
comes distended with effused blood. 
The periosteum over the patella is 
torn irregularly and a fringe of it 
drops between the fragments. 

Prognosis. — In the absence of treat- 
ment or from its inefficient applica- 
tion the two fragments will be drawn 
farther apart by the retraction of 
both the ligamentum patella! and the 
quadriceps. Adhesions from organ- 
ized blood-clot and lacerated liga- 
ments immobilize the joint more or 
less completely, and extension is still 
farther impaired by adhesions be- 
tween the upper fragment and the 
femur and by the loss of coaptation 
between the patella and the condyles. 

Treatment, — Non-operative treat- 
ment consists in causing the absorp- 
tion of the fluid in the joint by pres- 
sure (massage is of little service) 
and then immobilizing the fragments 
until union has taken place. It is 
advised only for comminuted frac- 
tures, those produced by direct vio- 
lence without rupture of the patellar 
ligament. A Martin bandage should 
be applied with as much pressure as 
the patient can bear for four to six 
days, and may be continued for a 
fortnight if it holds the fragments 
in good position. During this time 
the patient is kept in bed with the 
knee extended. A posterior molded 
splint is then applied from the ankle 
to near the hip and is bandaged in 
place as shown in Fig. 14, the turns 
of the bandage about the knee press- 
ing the tissues above and below the 
fragments toward each other — these 


may be reinforced by strips of ad- 
hesive plaster — and finally a few 
turns are taken over the fracture to 
prevent tilting forward of the frag- 
ments. The dressing must be worn 
lor a month and frequently inspected 
and altered if necessary. At the end 
of this time an immobilizing plaster 
bandage is applied, and the patient 
allowed to go about on crutches. 
This splint must be worn for a 
month, not that union will become 
much firmer, but so as to accustom 
the patient to walking about, and to 
loosen the adhesions a little, that the 
bone may not be refractured by an- 
other fall or slip. During this time 
massage may j)rove useful, and to 
that end the sj)lint may be split an- 
teriorly, removed daily, the limb 
massaged, and the splint replaced 
and held firmly by a roller bandage. 
At the end of the second month the 
patient is discharged, but advised to 
walk with care. Various splints have 
been devised to secure immobiliza- 
tion of the knee and coaptation of 
the fragments, but they present no 
advantages over the above method. 
All fail to remove the fibrous tissue 
almost invariably covering the frac- 
tured ends in transverse fracture. A 
plaster bandage should never be ap- 
plied until union has taken place. 
Malgaigne’s hooks and their various 
modifications have had great vogue. 
The principle involved is the holding 
of the fragments in apposition by 
means of sharp hooks, which may be 
inserted into the upper and lower 
edges of the bone and drawn to- 
gether by a screw. The danger in 
their use is that suppuration, pro- 
voked at the points of puncture, may 
travel into the joint either through 
the lymphatics or the cellular planes. 
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especially if there is much effusion 
uf blood. Finally, aspiration has been 
used — with strictest asepsis — to 
empty the joint more rapidly than 
is possible by pressure. 

The writer agrees with Schulze in 
grouping these fractures into those of 
the patella alone and those with rup- 
ture of the collateral ligaments. There 
are 3 methods of treatment: (1) con- 
servative ; (2) subcutaneous or i)ercuta- 
neous suture; (3) open suture. The 
first is indicated only in the rather un- 
usual fractures due to direct violence 
in which the power of extension is not 
destroyed and there can never be sep- 
aration of the fragments. If there is 
dislocation of the fragments and more 
or less injury of the collateral ligaments, 
operative treatment is indicated, as other- 
wise there is apt to be failure of union. 
Moreover, re- fracture is often neces- 
sary after conservative treatment on ac- 
count of connective-tissue union of the 
fragments. 

Of the open methods of operation the 
authors prefers peri- and prepatellar 
suture. Suture of the hone alone with- 
out suture of the collateral ligaments is 
not sufficient, but following bone suinre 
combined with suture of the collateral 
ligaments there arc apt to he di.stur- 
bances due to the wire sutures. In 
comipound fractures the writer waits for 
cicatrization of the external wound and 
then docs a secondary suture, lie ad- 
vises against plastic operations, especi- 
ally in simple fractures. Active and 
passive movements should be begun 2 
weeks after operation. After 3 weeks 
the patient gets up, and in the third or 
fourth week mechanical treatment is be- 
gun. F. Von der Huctteii (Beitr. z. 
klin. Chir., exxi, 687, 1921). 

Description of the pin method for 
approximating patella fragments. 
Strong pins are passed through the 
tendons very close to the patella, and 
are then approximated by means of 
bandages or adhesive strips. This 
brings the broken fragments in close 
approximation. The advantage of 
the procedure is that the bones can 


be certainly approximated without en- 
tering the knee-joint, llcrt/ler (Surg., 
Gynec. and <.)l>stet., Mar.. BUI). 


Operative meaMires include vari- 
ous sutures — niediaU*, iniiiiediate, 
sul)cutane(>us — the trimming otT of 
the fringe interposed between the 
fragments, and wa.shing out the 
joint. The following operation is 
preferred — if o])eralive treatment is 
elected: d'lirough a median incision 
extending* a little aliove and below 
the Iragments, sharp hooks are in- 
serted into each fragment, drawing 
them apart, and the joint is flushed 
with sterile “normal” salt. The 
Avhole line of fracture is now ex- 
loosed by lateral retraction of the 
flaps, and, without touching the tissues 
with his fingers, the surgeon elevates 
any interposed fascia and jieriosteum 
and holds them aad the fragments in 
])lace with a feu fme catgut sutures. 
A suture or two may also l^e taken 
in the ca])sule of the joint, if it is 
w idely torn. The torn lateral expan- 
.sions of the patellar ligament arc 
carefully sutured after clearing the 
])one ends. Wiring or suturing the 
bone is unnecessary. 1'he skin is 
then sutured with silk. No drainage. 
A plaster bandage is applied and the 
patient sent to lied, where he re- 
mains with his f(X)l elevated for a 
v'cek. Idle splint is then removed, 
tlic skin sutures taken out, and the 
splint rcap])lied. A few days later 
the patient gets up on crutches, 
d'hese and the splints he wears for 
a month. The splint is then cut 
down again, and he wears it in the 
daytime alone for another month. 
No further treatment is required. 
The operation may be done under 
cocaine. The reason for giving pref- 
erence to this operation over any other 
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is that it fulfills the indications of 
washing out the joint, complete re- 
duction, and firm immobilization in a 
thoroughly avSeptic manner, and leaves 
behind no foreign body in the joint to 
set up suppuration or irritation. By 
keeping his hands from contact with 
the tissues the surgeon makes the 
operation as safe as, and safer than, 
any subcutaneous one, as has been 
borne out b}^ the experience of 90 
consecutive cases without suppura- 
tion (Stimson). 

The Choice of Treatment . — The re- 
sults of immobilization vary from a 
perfect functional result with about 
one-fourth inch separation to absolute 
loss of function with wide separation 
or stiffness in the joint. Such results 
arc attained within about six months. 
Operation may give a perfect result 
with linear union, but, on the other 
hand, postoperative suppuration in 
the knee-joint may prove fatal. If 
the operation is succes.sful the ])atient 
saves about two months of convales- 
cence and a great many of the doubts 
and annoyances incident to mechani- 
cal treatment. Therefore the opera- 
tion is to be preferred, if the risks of 
suppuration can be absolutely elimi- 
nated. Such is the case only when 
the surgeon is sure of his own clean- 
liness, as well as that of his assistants 
and instruments, is conversant with 
operative and aseptic technique, and 
is sure to keep his hands out of the 
wound. Under such conditions oper- 
ation is to be elected, with the pa- 
tient’s concurrence. 

If function is impaired by failure of 
union, operation is the only resource. 
For lengthening the contracted quad- 
riceps its tendon may be nicked at the 
more tense places, and its lower fibers 
may be elevated from the femun 


Care must be taken, however, not to 
impair the vitality of the tendon and 
the fragment of the patella attached 
to it. 

FRACTURES OF THE LEG.— 
Upper End. — Both bones may be frac- 
tured, or else the tibia alone. The 
avulsion of the spine of the tibia by 
the crucial ligaments is merely a com- 
plication of dislocation. A few cases 
of epiphysiolysis and longitudinal 
fracture of the tibia have been noted. 
Tf the line of fracture runs into the 
joint its functions may be impaJred, 
and a tendency to displacement with 
a resultant genu varum or valgum 
must be foreseen and prevented by 
immobilization. Permanent traction 
may be ncces.sary when there is much 
comminution. 

All wounds and fractures of the leg 
repair far more quickly if the limb is 
suspended. The Hodgen splint bent 
to an angle of ISS'’ is used. Fractures 
of the fibula are suspended because 
of the improvement in circulation 
and for the dressing of wounds, but 
no traction is necessary. FractureiS 
of the tibia alone are splinted by the 
fibula, but incurvation is common. 
A slight traction of one or two kilos 
will correct this. In fracture of 
both bones traction of three or four 
kilos is necessary. Fractures of the 
tarsus and metatarsus are also com- 
monly treated by suspension. Blake 
and Bulkley (Surg., Gynec. and Ob- 
stet., Mar., 1918). 

Avulsion of the tubercle of the tibia 
is caused by muscular action quite as 
is fracture of the patella. Recovery 
of function may be expected if the leg 
IS immobilized in extension on the 
postermr molded splint and the frag- 
ment retained in place by adhesive 
plaster. 

Shaft. — The usual seat of fracture is 
at the junction of the middle and 
lower thirds, the fibula being fractured 
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higher than the tibia. The tibia lies 
so near the surface of the limb that a 
diagnosis of its fractures is usually to 
be made by palpation. This subcu- 
taneous situation also serves to make 
compound fractures frequent. If the 
tibia is fractured an accurate diag- 
nosis of fracture of the fibula, often 
very difficult without the aid of the 
lluoroscopc, need not be made. Frac- 
ture of the fibula alone may be made 
out by a localized point of tenderness 
elicited by direct pressure or pres- 
sure elsewhere along the shaft. 

Edema and neuralgia are excep- 
tionally apt to complicate convales- 
cence from fractures of this region. 

Treatment. — Reduction is accom- 
l)lished by traction with the knee 
Hexed to relax the gastrocnemius. A 
simple method of treatment is to 
keep the limb in a Volkmann splint 
until the primary swelling has disap- 
peared, when a plaster bandage is 
applied from the toes to the knee, 
and changed every ten days until 
union takes place — the sixth week. 

Should bony union be delayed, the 
irritation of bearing some weight on 
the limb in its plaster incasement 
may prove beneficial. From the time 
of the application of the plaster 
splint the patient gets about on 
crutches. If it is wished to have him 
about from the first the Volkmann 
splint may be replaced by a twin pos- 
terior molded splint, the two halves 
of which, when they reach the ankle, 
diverge to cross each other on the 
dorsum of the foot. 

The subject of ambulatory treat- 
ment has already been dealt with in 
the section on general treatment. 

Compound fractures are best dressed 
through a Volkmann or fenestrated 
plaster splint. 


Lower End. — Fracture of the shafts 
of b(»th bones low down, and irregu- 
lar comminuted fractures require im- 
mobilization with the foot at right 
angle to the leg. Primary amputa- 
tion is indicated for badly commi- 
nuted com])ouiid fractures. The com- 
mon fractures here are fractures by 
eversion and abduction (T^ott’s) and 
fractures by inversion (external mal- 
leolus and rarely the internal one). 

The position of fixation for fractures 
of the tibia and fibula should be 
with the knee slightly flexed, the 
foot dorsally flexed to a right angle, 
and the midj)oint of the patella and 
sjmee between the second and third 
toes in the same straight line. 

The writer reports good results in 
16 cavSes of obliciuc fracture of the 
tibia by driving in a long nail, slant- 
ing, to hold t!'v fragments. The nail 
was removed in from 5 to 23 days. 
The results were perfect in 11 cases 
reexamined from 3 to 6 years later 
except in 5 cases in wliich the limb 
was shorter by 1 to 3 cm., the latter 
in a man of 61 with comminuted frac- 
ture of both hones. I*. J\ Nigst 
(Schweizer ined. Woch., Jan. 27, 
1921). 

Pott’s Fracture. — This is the com- 
monest fracture of this region. It is 
caused by eversion and abduction of 
the foot. There is a tyi)ical displace- 
ment of the foot outward and back- 
ward. Lateral mobility in the ankle- 
joint, combined with points of tender- 
ness over the internal malleolus as 
well as the til)iofibular articulation in 
front and over the fibula above the 
malleolus, are pathognomonic signs of 
this fracture. These tender points lie 
over the three typical lines of frac- 
ture, as shown diagrammatically in 
Fig. 15. The posterior portion of the 
articular surface of the tibia may also 
be crushed. Rupture of the deltoid 
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and tibiofibular ligaments may replace 
the tibial fractures. The typical de- 
formity is caused by the loss of the 
normal support to the inner side of 
the foot, and tibiofibular diastasis, 
which allows the astragalus to slip 
backward, sometimes so far that it 
may be quite behind the tibia. If the 
displacement is not great the patient 
can walk, though painfully. The frac- 
ture of the internal malleolus may 
be compound. 

Treatment. — To effect reduction 
the foot must be forced forward and 
inward, and immobilized in inversion. 
To maintain reduction posterior and 



Fig. 15.— Usu.il three lines of fracture in Pott’s 
fracture at ankle. {S/tmAort,) 

internal plaster-of-Paris splints are 
very serviceable, the former to extend 
from the upper third of the leg to the 
toes, the latter from the same level 
down to and around the foot, ending 
at the outer side of the dorsum, the 
so-called '‘stirrup-splint.’’ In uncom- 
plicated cases the patient may be al- 
lowed to get about on crutches as 
soon as the primary swelling has 
abated — a new splint being then 
necessary — and after that need only 
be seen often enough to forestall any 
recurrence of the deformity. It is 
in Pott’s fracture that ambulatory 
splints are most likely to be of prac- 
tical use. Some patients can walk 
^^Mrith only the support of a shoe, for. 


as we have seen, the deformity is 
angular, outward, and backward, and 
as long as this angular deformity is 
prevented the functions of the limb 
are but little impaired. A plaster in- 
casement fortified on the outer side 
and behind may meet the indications 
very satisfactorily. It should extend 
from the toes almost to the knee and 



Fig. 16.— Pott’s fracture. Dupuytren's splint. 

{Scudder.) 


be firm and heavy. The Dupuytren 
splint is sometimes used (Fig. 16). 

If the fragment of the internal 
malleolus cannot be reduced the knife 
must be resorted to. 

While the results that follow care- 
ful treatment are perfectly satisfac- 
tory, old reduced fractures are very 
troublesome. They may be improved 
and sometimes cured by supramalleo- 




■at OS>Veo\.omy, Ot, Wltet, \jy openmg tVie i>s cak-is, \)cing caused liy a fall 
both sides of the joint, chiseling on the foot. If there is no displace- 


througli the old lines of fracture, re- 
moving obstructing callus, and re- 
ducing the fracture as though it were 
a recent one. 

Fracture of the External Mal- 
leolus. — This occurs by the opposite 
force from that which produces 
Pott’s fracture, namely: inversion of 
the foot. If, as is usually the case, 
the fibula alone is broken, or the 
fibula and the tip of the internal mal- 
leolus are broken, it is sufficient to 
immobilize the foot while it is pressed 
well inward to prevent widening of 
the mortise. But if the lower end 
of the tibia is broken obliquely 
across, as sometimes occurs, special 
attention should be paid to the back- 
ward displacement. 

Attention called by the writer to a 
type of ankle fracture featured by a 
fracture of both malleoli with a split- 
ting away of a wedge, large or small, 
from the back surface of the tibia at 
the joint, with dislocation up and 
back of the foot. Sometimes the in- 
ternal malleolus is included with the 
tihial segment in 1 piece. The frac- 
ture of both malleoli frequently 


nient the .skiagraph is rc<|nired for 
diagnosis, and the only treatment is 
imniohilization of the foot. Jf, how- 
ever, a fragment is displaced and 
cannot he reduced, or if the ])one is 
crushed, the fragments had best all 
]>e removed, a complete cxcisitm of 
the bone giving very good results. 

Fractures of the Calcaneum. — This 
may occur from direct violence, from 
strain on the i)]antar ligaments, and 
from forcilde action of the nuiscles 
of the calf, putting the tendo Achillis 
(.11 the stretch. Three weeks are re- 
f)uired for solid union. If the frac- 
ture separates the sustentaculum 
tali, the limb must be immobilized 
with both knee and ankle flexed. 

Metatarsal Fractures. — Rest, ele- 
vation, and massage will suffice for 
the cure of single fractures. Multi- 
ple fractures recpiire a splint. 

Lewis A. Stimson, 

New York, 

ANU 

W. Wayne Baiu’ock, 

Philadelphia. 

FRAMBESIA. See Yaws. 


causes confusion with Pott s fracture. 
The writer has seen 53 of these frac- 
tures iti 7 years. In fresh cases he re- 
duces the dislocation by forward trac- 
tion with the muscles relaxed in mod- 
erate plantar dexion; after reduction, 
plaster is applied with the foot in 
maximum dorsal flexion. In old 
cases he operates, incising on the 
outer and inner sides, dividing both 
malleoli above the joint, loosening up 
the whole joint and, if necessary cut- 
ting out a fresh joint surface on the 
forepart of the tibia for the astraga- 
lus. F. J. Cotton (Jour. Amer. Med. 
Assoc., Jan. 23, 1915). 
FRACTURES OF THE FOOT. 

Fractures of the Astragalus. — This 

is usually associated with fracture of 


FREEZING. — hVeezing may affect 
the entire body ; or, only a part of the body 
may be involved, as instanced by frost-hitv. 
There are three degrees of frost-bile: (1) 
erythema, or redness; (2) Mistering; (3) 
gangrene. A chilblain is a frost-hitc of 
the fir.st degree where the redness clears 
m, in a few days, hut reai.pears again upon 
exposure. ailhlain is treated under 

SYMPTOMS OF FREEZING OF 
BODY,— Cold is primarily a stimulant, 
secondarily a depressant to the body cells. 
After prolonged exposure, drowsiness and 
numbness are experienced. The body is 
pale the blootl being driven to the mternal 
organs, which become markedly congested. 
Finally, the individual falls into a deep 
skvp, the pupils become dilated, the pulse 
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slow, the respirations slow and stertorous. 
The body is cold and finally death occurs. 

SYMPTOMS OF FROST-BITES.— 
Freezing first causes a numbness of the 
parts, followed later by an anesthesia. 
There is a feeling of weight, coldness, ex- 
treme pallor, and, early, a sense of prick- 
ling or tingling. If the cold is very in- 
tense and applied suddenly the parts may 
have a mottled appearance. When the 
parts are warmed, there is extreme itching 
and burning of the parts, together with 
redness and swelling. 

There is great swelling and lividity of 
the parts in frost-bites of the second de- 
gree, followed later by the formation of 
blisters. Often ulceration or gangrene 
follows. An ulcer due to this cause is 
usually superficial, but is difficult to heal. 
The necrotic tissues are moist and the seat 
of a thin, ichorous discharge. The sur- 
rounding tissues are usually quite inflamed. 
In frost-bites of the third degree the part 
is pale and insensitive. There is some- 
times excruciating pain in the parts above. 
The part is cold, edematous, and swollen, 
but later becomes discolored and shriv- 
elled and a line of demarcation forms. 
(See Gangrene, next page.) 

TREATMENT OF FREEZING OF 
ENTIRE BODY. — The patient should 
first be taken into a cold room and gentle 
friction with cold cloths used. The tem- 
perature of the room should be gradually 
raised as the circulation and respiration 
return to normal. The friction should be 
gradually increased and brandy or spirit 
of camphor may be used. Later brandy 
may be given by mouth or by rectum, the 
patient covered lightly and the extremities 


elevated. Artificial respiration should be 
used if needed. Warm broths and warm 
drinks should be given as the patient re- 
covers. 

TREATMENT OF FROST-BITES.— 

In frost-bites of the first degree the parts 
should be rubbed with ice-water or snow. 
Warmth to the parts is more efficient, ac- 
cording to some, but the sudden use of 
heat is harmful. 

Heat applied too rapidly in frost- 
bite causes gangrene. A moist gan- 
grene should be converted to dry 
gangrene by removal of the epidermis 
and the application of dusting pow- 
ders, such as bismuth subgallate, airol, 
and animal charcoal. Amputation 
should be delayed until a line of de- 
marcation appears. X-ray treatment 
for moist gangrene and tetanus anti- 
toxin for prophylactic purposes have 
been urged. Florcken (Therap. Halb- 
monatsh., July IS, 1921). 

As the circulation returns to normal the 
temperature of the room should gradually 
be raised, and the parts rubbed cither with 
the hand or with a warm solution. In 
frost-bites of the second degree, especially 
with marked inflammatory reaction, free 
incisions should be made. Silver nitrate or 
tincture of iodine may be painted on the 
part. Ulcers should be treated antiseptic- 
ally, the same measures being used as in 
ulcers due to any other cause. 

During the war paraffin applied as for 
burns proved useful; also Bier’s hyper- 
emia. Camescasse (1918) found picric acid 
0.25 Gm. (4 grains), alcohol and glycerin, 
of each, 10 Gm. ( 23^2 drams), painted on 
and allowed to dry, very helpful. 


G 


GALLIC ACID .—Gallic acid occurs 
as fine, needle-like crystals, whitish iii 
'color, odorless, and having an astringent, 
slightly acid taste. It is soluble in about 
100 parts of water, 5 parts of alcohol and 
40 parts of ether. It is incompatible with 
all the ferric salts, ammonia, silver salts, 
lead acetate, and potassium chlorate. 

PREPARATIONS AND DOSES.— 
Acidum gallicxm (gallic acid) is given in 


the dose of from 5 to 20 grains (0.3 to 
1.3 Gm.) It is no longer official. 

The ointment of gallic acid (unguentum 
acidi gallici) is used for local applications. 

PHYSIOLOGICAL ACTION.— Gallic 
acid acts as an antiseptic, astringent and 
hemostatic, and is eliminated by the kid- 
neys. It is also mildly antiseptic. 

THERAPEUTICS. — Gallic acid may be 
used externally in epistaxis; hemorrhoids; 
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certain skin diseases, especially psoriasis 
and alopecia, and may be applied locally to 
ulcers which are actively discharging. In- 
ternally, it has been used in night-sweats, 
in intestinal hemorrhage, and in diarrhea 
due to atony of the intestinal glands. 

GAMBIR • — Gambir (or pale catechu) 
is an extract from the leaves of Onrouparia 
gambir. It has a grayish- to reddish-brown 
color, a bitterish, very astringent taste, and is 
insoluble in water. It is incompatible with 
the iron compounds, mercury bichloride, zinc 
sulphate, and lime water. 

PREPARATIONS AND DOSES.— 
Gambir, U. S. P. (gambir). Dose, 15 grains 
(1 Gm.). 

Tinctura gambir composita, U. S. P. (com- 
pound tincture of gambir), representing 5 per 
cent, of gambir and 2.5 per cent, of cinnamon. 
Dose, 1 fluidram (4 c.c.). 

PHYSIOLOGICAL ACTION AND 
THERAPEUTICS. — Gambir is an astrin- 
gent and a hemostatic, considerably used 
as a component of mouth-washes in condi- 
tions in which spongy gums are present. 
Lozenges of gambir, each containing 1 
grain (0.06 Gm.), have been deemed of 
service in throat disorders, especially acute 
and chronic phar 3 mgitis and mild laryngitis. 
Internally, the drug has been used in 
gonorrhea, leucorrhea, and diarrhea, espe- 
cially in the serous type of the latter dis- 
order. 

GANGOSA, also termed “rhino- 
pharyngitis mutilans,” is an ulcerative dis- 
ease of the upper respiratory tract, includ- 
ing, in some instances, the osseous tissues. 
It is observed in various tropical countries, 
particularly in Guam and several other is- 
lands of the Mariana group, the Ladrone 
and Caroline islands. It is sufficiently con- 
tagious to have caUvSed Spanish authorities 
of Guam to segregate the patients, a pre- 
caution which, discontinued after the 
American occupation, has increased the 
prevalence of the disease. 

Its etiology is still obscure, but flies and 
other insects have been deemed the main 
agents of transmission, through an organ- 
ism which resembles the Bacillus diph- 
therice, but specifle as to the nature of the 
lesions caused. These are wa.t-like tuber- 
cles or nodules which may involve the skin, 


mucosa, and rarel.v the bones of the upper 
respiratory tract and lips. It is by many 
believed to be rhinoscloroma. 

According to A. Breini (Annals of Trop. 
Med. and Parasit., June, 1915) it is due to 
small bodies resembling yeast cells which 
he found in the edema fluid of several cases. 
He believed that these cellular parasites 
belong to the genus Cryptococcus of the 
family Saccharoiiiycetes. He terms the or- 
ganism Cryptococcus mutilans. 

Treatment. — h-arly anti.septic treatment 
limits the extension of the disca.se. Iodine, 
phenol, nitrate of silver and chromic acid 
are used to destroy the infected area, with 
a weak solution of potassium permanganate 
as deodorant. Internally, potassium iodide, 
5 grains (0.33 Gm.) three times a day, has 
been found effective — a fact which speaks in 
favor of the parasitic theory. 

Case of gangosa in a Borneo woman. 
The process was promptly arrested by 
neoarsphenamin, but left a large hole 
by the destruction of the nose. Waar 
(Ncderl. Tijdsch. v. Geneesk., Mar. 
21, 1925). 

GANGRENE.— DEFINITION.— 

This term is usually applied to death or 
mortification of .soft tis.sues, while the term 
“necrosis” is reserved for death of osseous 
or carlilaginou.s tissues. 

VARIETIES. — Gangrene is divisible into 
several varieties: Moist gangrene, due to ar- 
re.st of the vascular supply, and in which 
the parts are soft and pulpy; dry, or senile 
gangrene, or mummification, occurring in old 
age, in which the ti.ssues become leathcr-like 
and wrinkled; spontaneous gangrene, a rela- 
tively rare form affecting the extremities and 
observed in apparently strong and young 
subjects; ergot gangrene, which occurs in 
individuals who, in consuming rye or rye 
bread, become exposed to ergot of rye; 
diabetic gangrene, which occurs as a com- 
plication of advanced diabetes; pressure 
gangrene, due to pressure and which occurs 
occasionally as a complication of bed-sores; 
and symmetrical gangrene, or Raynaud^s dis- 
ease, a paroxysmal form affecting mainly the 
tips of the fingers and toes. 

SYMPTOMS. — The symptoms vary 
greatly according to the primary pathogenic 
factor and, to a degree, with the location of 
the gangrenous process. 
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MOIST GANGRENE.— This variety is 
that most frequently met, owing to its fre- 
quent occurrence as a result of accidents, ir- 
reducible hernia, etc. Being due to arrest of 
the blood, both in the arteries and veins, 
there is softening, or liquefaction. The 
tissues assume various shades, varying from 
bluish green, red, to black; and blebs con- 
taining- a very foul and fetid liquid are 
formed, the mortifying tissues giving off 
gases composed mainly of sulphide of hydro- 
gen, ammonia, and volatile fatty acids. This 
form is likely to occur after severe injuries, 
such as crushing, burning, or even frost-bite. 
It is also observed when open wounds have 
been exposed to infection through imperfect 
or uncleanly dressings. A form of moist 
gangrene, also of traumatic origin, is some- 
times witnessed after a large vascular trunk 
has been destroyed, which may spread with 
great rapidity. 

In an average case the gangrenous area 
undergoes, as stated, a characteristic change 
of color. At first the boundary line between 
the dead tissues and the living ones is imper- 
fectly marked. Where the progress of the 
necrotic process is arrested, however, through 
the vital resistance of the tissues, an area 
of inflammation interposes itself as a pro- 
tecting wall, which becomes more or less 
perfect as the granulation tissue formed is 
healthy. This constitutes the line of de- 
marcation. The inflammatory process con- 
tinuing beyond, suppuration ensues, and the 
dead tissues may thus be entirely separated 
from the living ones through nature’s efforts. 
The inflamed area is distinguishable from 
the healthy or gangrenous ones by its bright- 
red color, which changes to blue or black in 
the direction of the dead tissues. Unfor- 
tunately nature’s efforts do not always suc- 
ceed, and the morbid process may penetrate 
the limiting barrier and invade the tissues 
beyond, extending gradually until death 
ensues. 

The constitutional symptoms depend upon 
the amount of tissue involved. At first, when 
an extremity is affected, there may be but 
slight general disturbance; when, however, 
the' gangrene ascends the limb, fever and 
other evidences of toxemia appear. 

The extension of gangrene depends to a 
great degree upon the nature of the cause and 
the general health of the patient. An injury, 
which, through interruption of the circula- 


tion, is followed by gangrene, often remains 
circumscribed to the region in which the 
blood-flow has been reduced or arrested, 
provided, however, the general condition of 
the patient is favorable. Persons in poor 
health, or individuals who have lowered their 
vital powers by the excessive use of alcohol, 
overwork, insufficient food, etc., however, 
are much more exposed to extension of the 
gangrenous process. 

Complications incident upon the destructive 
nature of gangrene usually lie behind a 
fatal issue, when this occurs. An artery may 
be eroded, giving rise to mortal hemorrhage; 
pyemia and septicemia through penetration 
into the blood of one of the various pyogenic 
organisms, peritonitis through extension 
of the gangrenous process from a gangre- 
nous hernia, etc., may be mentioned among 
the many death-producing conditions which 
can appear. 

Where gangrene spreads with rapidity, the 
so-called traumatic gangrene, the blood-supply 
is interrupted and there is septic infection. 
The gangrene may soon spread up an entire 
extremity. The skin becomes brownish-red, 
black, or green; gas is rapidly formed, and 
the patient quickly succumbs to acute septi- 
cemia, unless amputation has promptly re- 
lieved him of the source of infection. 

In truth, gangrene seldom occurs nowadays 
owing to modern methods, and, even in severe 
injuries, separation of the dead tissues soon 
occurs. Strict antisepsis greatly limits the 
likelihood of gangrene. 

Rigidity in the muscles after an in- 
jury of the limb is a warning of im- 
pending gangrene to which the writer 
calls attention. Fievez reported sev- 
eral cases in which hardness of the 
leg below traumatic injury persisted 
until gangrene developed. It is evi- 
dently a sign of ischemia due to vas- 
cular injury. Prat (Paris med., Mar. 
31 , 1917 ). 

DRY GANGRENE.~-In this variety of 
gangrene, of which senile gangrene is a 
type, there is a distinct absence of fluids, 
and the process of mortification is more a 
metamorphosis into an inorganic mass 
than a true decomposition; hence the term 
“mummification” frequently applied to this 
form. The local blood-supply gradually 
diminishes, the tissues shrink, become dark 
brown or black, wrinkled, and the skin be- 
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comes leathery. It usually affects the toes, 
sometimes the fingers, and may spread to 
the plantar or palmar surfaces. 

SPONTANEOUS GANGRENE is rarely 
observed. It may be met with in subjects 
who apparently are in excellent health, but 
affected, as autopsies have shown, by arterio- 
sclerosis. The arteries arc narrowed, and 
thrombi are sometimes widely disseminated 
through the affected extremity. This 
renders spontaneous gangrene particularly 
malignant, and amputation of the limb is 
often necessary, preferably above the knee- 
joint when the morbid process affects a 
leg. Unlike other varieties, it gives rise to 
acute suffering, owing to involvement of 
the local nervous supply, the princii)al 
branches of which arc often found greatly 
thickened. Spontaneous resolution is rarely 
observed in this form. Wormser observed 
15 cases of gangrene of the legs in the 
puerperium. 

In the literature the writers found 
73 cases which they consider undoubted 
examples of spontaneous gangrene ; 
69 patients were males and 4 females; 
2 patients were under 20 years old, 7 
were between 20 and 30 ; 9 between 
31 and 35; 22 between 36 and 40; 12 
between 41 and 45; 10 between 46 
and 50; 10 between 50 and 60; 1, age 
not mentioned. Although the symp- 
toms in 1 case were present for over 
twenty years, the average duration 
was from three to five years. In the 
68 cases in which the location was 
mentioned, the condition occurred 
53 times in the legs alone, twice in 
the arms alone, and 13 times in both 
upper and lower extremities. In 
more than one-third of the cases the 
pulse in the femoral and all the ves- 
sels distal to it was lessened or ob- 
literated, while in nearly two-thirds 
the vessels as high as the popliteal 
were involved. Neither syphilis nor 
the use of tobacco seemed to play 
any part in the causation of this con- 
dition. The authors report 1 case 
seen by them. They believe that it 
was a case of general arterial throm- 
bosis, exactly similar to that found 
in the extremities in ^he condition 
known as spontaneous gangrene. 
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Dexter and Ellis (Cleveland .Med. 
Jour., Aug., 1910). 

A form of s])ontaneui3s gangrene 
simulating purpura, due t*) an acittv 
tliromboartcntis, i)robal)lv of strep- 
tococcic origin, is described b\ tlie 
writer. Usually the extremities, up- 
per and lower, are affected. Death 
may occur in a few days or gradual 
recovery take place after sloughing of 
the gangrenous areas. D. W. Kramer 
(N. Y. Med. Jour., Oct. 4, 1922). 

ERGOT GANGRENE is also partly of 
neurotic origin, the main pathological factor 
being vasomotor spasm brought on l)y the 
ingestion of ergot of rye when rye flour is 
used instead of wheat flour in making bread, 
as is the case in many parts of Europe. The 
continued consumption of ergot of rye gives 
rise to various preliminary .symptoms: gen- 
eral adynamia, gastric disorders, formica- 
tion, and fugitive pains. The arrest of the 
blood-current through the spasmodically 
contracted arteries is soon followed by 
blanching and low'ercd nutrition, which 
makes the part vulnerable to the least trau- 
matism. Even without such, the ill -nourished 
areas farthest from the center — the toes, the 
ears, the nose, etc. — finally succumb. 

DIABETIC GANGRENE.-^Gangrene is 
rather frequently observed in diabetics, espe- 
cially in persons advanced in years. (See 
also the article on Diabetes, this volume.) 
Ileidcnhain attributes it to the common cause 
of senile gangrene, arteriosclerosis; the 
main factor he believes to be an abnormal 
susceptibility to wound infection. Still, the 
fact that internal viscera sometimes become 
gangrenous in such cases would lend to in- 
validate this view. In a case witnessed by 
Turner the pyramids of the left kidneys were 
found gangrenous. A marked line of separa- 
tion existed, and every other portion of the 
organ was healthy, as was also the entire 
urinary system. 

Hyperglycemia is not a very im- 
portant factor in the induction of the 
gangrene, but looms into importance 
after gangrene has been established 
in so far that it invites septic infec- 
tion and encourages the occurrence 
of the three acid bodies occurring 
in diabetes. Acetone has a very low 
degree of toxicity, and probably does 
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not contribute to the production of 
gangrene. Diacetic acid is always to 
be looked upon as a .pathological agent, 
though of itself not very harmful 
and indicates that betaoxy butyric acid 
is being oxidized. Betaoxybutyric 
acid, when present in the urine, is to ^ 
be viewed as the special chemical 
agent fostering gangrene, which, 
however, is ineffectual in bringing 
about that result if acting alone in 
the absence of arteriocapillary scle- 
rosis. The quantitative ammonia ex- 
cretion is the expression of measure 
of the amount of unburned betaoxy- 
butyric acid. It is not an accurate 
standard of measurement, always 
registering too little. The excretion 
of 1 Gm. in twenty-four hours is to 
be looked upon as contraindicating 
operation except in great emergency. 
Eising (Med. Rec., Aug. 15, 1908). 
PRESSURE GANGRENE.~This oc- 
curs when a region in a low state of vitality 
—such as occurs in prolonged fevers, etc. — 
is submitted to continued pressure. The 
vascular supply, already weakened, becomes 
further weakened, especially when, as is the 
case over the sacrum, the scapula, etc., the 
soft tissues are pinched, as it were, between 
a bone and the bed. The slightest injury over 
such a site becomes the seat of ulceration, 
the so-called “bed-sores,^’ and gangrene is 
apt to follow, if through the presence of 
arteriosclerosis and old age the lumen of the 
vessels is already limited. 

SYMMETRICAL GANGRENE, or 
Raynaud's disease, is a form which occurs 
in paroxysms. It begins with paresthesia and 
sharp pains. The tips of the fingers and 
toes, the parts most frequently affected, then 
become cyanotic and gangrenous. The en- 
tire phalanx is occasionally involved. It is 
occasionally observed in other parts of the 
body, the unaffected surfaces being usually 
very pale. 

Case of symmetrical gangrene fol- 
lowing local asphyxia in the tips 'of 
both ears. This localization is regarded 
as rare, from the fact that Raynaud, in 
his description of the condition which 
bears his name, makes no mention of 
such lesions occurring about the face 
save in one instance in which small 
cicatrices were seen by him about the 


nose. In the author's case, anemia 
seemed to be the main underlying 
cause. Canessa (Revista medica del 
Uruguay, vi, No. 4, 1903). 

Case of symmetrical gangrene pres- 
ent at birth in a girl with a congenital 
valvular defect. Barm water (Wiener 
klin. Woch., Feb. 19, 1925). 

CARBOLIC ACID GANGRENE.— Car- 
bolic acid has caused gangrene in so many 
cases that it seems to merit a special place 
among chemical agents capable of inducing 
this condition. Even in 2 per cent, solution, 
this agent is capable of destroying the life 
of tissues. The majority of cases reported 
in which gangrene occurs were felons or 
slight disorders of the finger-tips or toes. 
According to Czerny the duration of the ap- 
plication is more important than the strength 
of the solution, the anesthetic action of the 
drug causing it to be left in situ prolonged 
periods at a time. The parts first become 
grayish white and eventually black. There 
is no pain, and the gangrene is only revealed 
by the appearance and the stiffness of the 
finger or toe affected. 

Eighteen cases of gangrene of the 
fingers, the result of weak carbolic acid 
dressings. This makes a total of 132 
cases reported. Carbolic acid in any 
strength as a moist dressing is danger- 
ous, and should never be used. F. B. 
Harrington (Amer. Jour. Med. Sci., 
July, 1900). 

Nine cases of gangrene of the fin- 
ger or fingers, due to the application 
of carbolic acid dressings. In 7 out 
of the 9 cases, amputation was re- 
quired. In 4 of the cases the strength 
of the solution used was not over 5 
per cent. In none was a waterproof 
covering used, nor had there been 
any constriction by a bandage. The 
appearance of the gangrenous part is 
characteristic. The skin is at first 
dry, wrinkled, and grayish white in 
color; later it becomes darker and 
more shrivelled. At the junction of 
the living and dead tissue there is 
some hyperemia, and eventually a 
line of demarcation forms. This 
should always be waited for before 
amputation is performed. Wallace 
Brit. Med. Jour., May 11, 1907)* 
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The writer condemns the sale of 
carbolic acid to the public, warns the 
physicians who use carbolic acid in 
the form of moist compresses that 
unpleasant results not infrequently 
follow its use, and suggests a new fac- 
tor, possibly two, in the production of 
carbolic acid gangrene of the fingers 
and toes: 1. The mechanical con- 
striction to the circulation, due to the 
contracted and hardened skin, which 
acts like a tight bandage applied to 
the part. 2. The possibility of a 
sclerotic artery, which is not uncom- 
mon in the young, playing a part in 
some of these cases, as it undoubtedly 
did in the case which he describes. 
Leighton (St. Louis Med. Rev., Feb., 
1909). 

In cases of phenol gangrene of the 
fingers, amputation is formally called 
for, as otherwise serious septicemia is 
liable to be entailed. In a case the 
writer describes, the woman of 50 had 
applied a 5 per cent, solution of 
phenol to her finger, keeping it con- 
stantly moist for 24 hours. Besides 
the gangrene, there were hallucina- 
tions, excitement and delirium as with 
high fever, but there was no fever and 
the pulse was regular and strong 
when he saw the woman the twentieth 
day. She died in collapse the twenty- 
second day. R. Le Clerc (Bull, de 
rAcad. de Med., Paris, Feb. 25, 1919). 

ETIOLOGY AND PATHOLOGY.— 
The causes of tissue-death are divided by 
Tillmann (‘‘Surgical Pathology,” Rogers’s 
transl.) into four general classes: 1. Inter- 
ruption of the efferent flow of arterial 
blood without the development of a col- 
lateral circulation, such as may occur in 
the cases of thrombosis and embolism, or 
after ligation, or in consequence of the 
pressure of a tumor or inflammatory exu- 
date. 2. Interruption of the afferent flow 
of venous blood. 3. Interruption or stasis 
of the circulation in the capillary walls. 
4. Death of the tissue-cells without any 
disturbance of circulation, due to poison, 
such as snake-bites, pr to micro-organisms 
or the products of their metabolism, such 
as are found in infectioua*'Complications of 
wounds^ e,g,f erysipelas, celluLJs, and sep- 
ticemia, or, Anally, to local anesthesia. 


The writer observed 2 cases of 
gangrene after local anesthesia; in 1 
the great toe became gangrenous 
four days after an operation under 
local anesthesia for an ingrowing 
nail. In the other case a hydrocele 
was operated on under novocaine- 
adrenalin and gangrene of the scro- 
tum developed. Strohe (Deut. Zeit. 
fiir Chir., July, 1909). 

Gangrene of the uterus following 
criminal abortion is emphasized by 
the writer. Serious trouble may fol- 
low the introduction of irritating 
solutions or unclean instruments, 
owing to gangrene of the wall of the 
fundus, a small perforation, etc. He 
cites 4 such cases. Mauclaire (Ann. 
de gynec. et d’obstet., xlii, 193, 1916). 

Case of gangrene of the entire back 
of the head in a woman of 26 who had 
had her red hair bleached 10 days be- 
fore. The label on the bottle speci- 
fied 30 per cent, hydrogen dioxide. 
The woman, subject to eczema, wore 
a felt hat home, thus steaming the 
region further with the fumes of the 
chemical while the braids of hair were 
pressed by the hat on the irritated 
scalp. The pain was so severe as the 
woman walked home that she fainted. 
The region healed over in the course 
of 3 months, leaving a cicatricial bald 
area, 9 by 10 cm. in size. Von Berde 
(Dermat. Woch., Feb. 20, 1926). 

Local and general anemia, venous stasis, 
disturbances of circulation from diseases of 
the vessels, heart or lungs, or disturb- 
ances of circulation due to inflammation- 
in short, faulty circulation from any cause 

increase the disposition to gangrene 

from the effects of chemical or thermal 
influences. 

The special etiological factors have been 
already alluded to, while gangrene as a 
complication of various infectious diseases 
has been reviewed in the respective articles 
upon the latter. 

Study of 15 specimens of gangrene. 
In cases due to arterial sclerosis a high 
grade sclerotic proliferation of the in- 
tima is found, causing stenosis of the 
lumen of one or more of the main 
vessels. It threatens the life of the 
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extremity by closing the exit of the 
branches from the vessel involved, pre- 
venting the formation of collateral cir- 
culation. A secondary progressive 
thrombosis is also apt to develop on 
the changed arterial wall. Senile or 
diabetic gangrene, a localized petrifac- 
tion of the arteries, sometimes forms. 
Bunge (Archiv f. klin. Chir., Bd. Ixii, 
H.‘l, 1901). 

Analysis of personal cases and of all 
the cases of gangrene following infec- 
tious disease found in literature: 166 
in all. The most frequent causes were 
typhoid and typhus fever, and after 
these influenza, puerperium, and pneu- 
monia, in the order named. Scarlet 
fever was the cause in only 3 cases, and 
diphtheria in only 1. The commonest 
scat is in the legs, 122 cases having 
gangrene in this situation. There ap- 
pears to be no difference between the 
right and left legs, and gangrene of 
both legs is less common than of either 
separately. In 128 cases of which the 
result is known, 42 patients died. The 
percentage is much higher among 
women than among men. In 65 cases 
autopsy showed thrombosis in the main 
artery of the limb. In many of the 
others investigation was not made. 
Eichhorst (Deutsches Archiv f. klin. 
Med., vol. Ixx, H. 5-6, 1901). 

Rapidly spreading gangrene, the gangrene 
foudroyante of French surgeons, is de- 
veloped when to a necrotic process in the 
economy there is added a rapidly spreading 
emphysematous condition of the surrounding 
parts, with increased tension, crepitation, the 
formation of gaseous bullae, and a bronzed 
and streaky discoloration of the skin. The 
disease, once established, tends to spread 
rapidly to other parts of the body, and 
constitutes the most fatal form of gangrene. 

Gaseous gangrene may be produced 
by various micro-organisms, particu- 
larly, however, by the Bacillus acrog- 
cues capsulatus, which, without having 
a specific action, behaves in man as a 
toxin saprophyte upon tissues already 
seriously damaged. The Bacillus coli 
communis, with other germs, may also 
cause gaseous gangrene. Muscatello 
(Rif. Medica, May 21, 22, 23, 1900), 


Case of gaseous gangrene in a non- 
diabetic person, in which the bacterium 
coli was the sole agent isolated. This 
germ cannot, however, produce gaseous 
gangrene alone; its action is then en- 
tirely saprophytic and is dependent upon 
other pathogenic organisms, or upon 
local or general nutritional disturb- 
ances, such as trauma and metabolic 
diseases. Dansauer (Munch, med. 
Woch., Sept. 8, 1903). 

Infectious gangrene of the skin is occa- 
sionally observed. According to Caillaud 
this appears under two conditions: There 
may be a previous ulcerative skin-lesion, 
from and upon which the gangrene starts, 
or the gangrene may appear immediately 
after a non-ulccrativc manifestation of the 
skin; it is not an occasional accident, but 
constitutes an essential element of the dis- 
ease. Any cause which impairs general 
health predisposes to that contagious affec- 
tion, and existing ulcerations and erosions 
serve as a door of entrance for the con- 
tagion. 

Case of a little girl, aged 19 
months, who was suddenly taken ill 
with vomiting, diarrhea, tenesmus, 
fever, and convulsions. On the fol- 
lowing day a small blister was found 
on the right nate. Others appeared 
elsewhere, increased in size, and turned 
dark red. Death followed. Smith 
(Jour. Kans. Med. Soc., Feb., 1907). 

The writer observed in Odessa an 
epidemic of acute gangrene of the 
external sex organs in little girls. 
Various infectious diseases had pre- 
ceded the gangrene. Stephany (Deut. 
Med. Woch., Mar. 7, 1924). 

Spreading traumatic gangrene, though 
usually developed in subjects suffering from 
general depraved health, occasionally occurs 
in healthy subjects through infection of the 
wound by the anaerobic bacillus of malignant 
edema of animals, and to which fowls are 
particularly susceptible. Through the ex- 
perimental observations of Chauveau and 
Arloing, Brieger, Ehrlich, and others, the 
fact has been practically established that the 
same germ, which, on the one hand, may 
give rise in animals to malignant edema, 
may, on the other, when ingrafted in man on 
tissue the seat of a moist gangrene, produce 
the emphysematous condition. 
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In the field-mouse, an animal iminunie 
to th€ bacillus of septicemia, Koch pro- 
duced, experimentally, a progressive ^ran- 
grene from inoculations with chain micro- 
cocci not to be distinguished from the 
Streptococcus pyogenes. He also pointed emt 
that the ptomainic products of bacterial 
activity may themselves cause the destruction 
of tissue, since, in the examination of speci- 
mens from the inoculated animals, the 
progressive necrosis was observed markedly 
in advance of the bacterial invasion. 

Case of gaseous gangrene complicat- 
ing a compound fracture of the right 
forearm in a boy of 10 years, the hones 
coming in contact with mud. For the 
first two days the patient did well, then 
the arm began to swell and became 
rapidly emphysematous and gangrenous, 
with a line of deiiiarcaticm an inch 
above the elbow; the swelling was 
dusky in color and there was crepitalitni 
extending over the scapula and below 
the clavicle. Several long incisions 
were made along the forearm and gas 
escaped w'itli great force Antiseptic 
measures were carried out and the con- 
dition of the arm rapidly improved, 
probably because of the relief from 
pressure on the blcx^d-vessels ))y the 
gas. Amputation at the junction of the 
upper and middle third of the arm was 
necessary, however. The condition is 
believed to have resulted from infection 
with the Baeillus acrogcncs capsulatus, 
but no bacteriob^gic examination is re- 
ported. Reports of 16 cases of infec- 
tion by this micro-organism in litera- 
ture, with 12 deaths and 4 recoveries, 
found. C. V. Gilderslecve (Med, 
Record, March 4, 1899). 

The writer observed a case of gan- 
grene of the right foot and leg fol- 
lowing septic abortion due to a mixed 
infection of B. acrogcncs capsiilatns, 
streptococcus and a diplococcu.s, 
starting as a thrombophlebitis of the 
right broad ligament, and involving 
the inferior vena cava. Knipe (Amer- 
ican Journal of Obstetrics, June, 

1917). 

TREATMENT.— Removal of the causa- 
tive factors and especially those interfering 
with free circulation is the first indication. 


In strangulated hernia, section of the con- 
stricting ring brings about this result; in 
paraphimo.sis, pre.ssure from superficial 
tumor.s, bed-sores, light bandages, etc., re- 
lief can he atforded also by overcoming 
the constrictitui. In many case.s, however, 
this is not jiossiblc. In oh.struction due to 
thrombosis and arteriosclerosis, for ex- 

ainjile, ever> thing should be done to facili- 
tate the return of the blood by jiulicious 
jirocedures. Tn purely thrombotic cases, 

hypodermoclysis or intravenous infusion 
of saline solution to increase the Iluidity 
of the blood may prove useful. Eleva- 
tion of the part, with slight flexion of the 
extremity affected, gentle massage toward 
the heart, warmth, taking care to avoid 
“hot-hottle burns," which under such cir- 
cumstances are easily inflicted, represent 

the minor indications. 

The WTitcrs obtained good results 
with small doses o( pilocarpine and in- 
sulin in the treatment of spontaneous 
gangrene. Suihlern, Agulowa and 
Hahkowa (Med. Klinik, Nov. 20. 

1925). 

Amputation, the sole effective measure 
hitherto available in dealing with cases of 
diabetic gangrene due to obliteration of the 
arterial supply, is itself attended with 
danger, the organism already being placed in 
jeopardy because of the absorption of toxins. 
Dietilafoy found that by the einiiloynient of 
currents of air heated to 150'', 300", 500" C. 
or even higher, extension of the gangrene 
and toxic absorption could Ixdh be arrested. 
On repeated use, such currents produce car*’ 
bonizalion of the part and limit the gan- 
grenous process by keeping the tis.sucs dry. 
ICxtension of the process and infection hav- 
ing been checked, amputation can with 
safety be performed and the patient rid of 
the necrosed segment of limb. Marked suc- 
cess was obtained in the cases thus treated. 

Case of a man 64 years old, whose 
urine showed 82 (jrin. of sugar in the 
twenty-four hours, with albumin and 
acetone. Hot air treatment was be- 
gun at once and continued twice a 
day half an hour at a time — air at 
300" C. on the portion below the 
line of demarcation, at 80" to 100® 
on the living tissues above it. The 
patient began to improve at once. 
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The sugar decreased steadily, the 
acetone also; the temperature of the 
air-douche was raised to 400°. The 
leg mummified. Gradually a deep 
line of separation formed at the gar- 
ter, which was followed up closely by 
the hot-air douche, and finally all the 
posterior tissues separated spontane- 
ously, leaving the bones bare. Dicula- 
foy (Bull, med., Feb. 16, 1910). 

In the obstetrical tears which sup- 
purate and show tendency to gan- 
grene, the writer has obtained excel- 
lent results by application of super- 
heated air; it penetrates into all the 
infected crevices and destroys the 
putrefying tissues. Dupont (Annalcs 
de gynec. et d’obstet., July, 1910). 

In inoperable perijdicral gangrene, 
the writer strongly recommends dry 
hot air to relieve pain and stench and 
mummify the tissues. Air heated to 
about 150° F. may be directed through 
a small stove pipe from a Bunsen burner 
to the part. W. G. Thompson (Med. 
Rec., Dec. 23, 1910). 

When, notwithstanding prophylactic meas- 
ures, the gangreiums process develops, disin- 
fection of the area should at once begin. 
Iodoform, orthoform, aristol, and resorcin 
are valuable in this connection. 

Remarkable results obtained in a 
diabetic who had had gangrene in one 
leg which necessitated amputation. The 
other leg became involved, and a suc- 
cession of scabs formed on the foot. 
No pulse could be felt in the dorsal 
artery of the latter or in the posterior 
tibial. After a half-hour’s massage 
the whole foot and leg were warmer, 
the tissues softer, and the tension less, 
and the dorsal artery could be felt so 
that the pulse could be counted. The 
method of work was principally by deep 
manipulation in a downward direction 
to aid the arterial current, followed by 
upward friction, or effleurage, to aid 
the venous and lymphatic flow. Doug- 
las Graham (Inter. Clinics, vol. iv, 
series 10, 1901). 

The next object is to prevent infection of 
the healthy tissues beyond by products of 
decomposition. Any accumulation of of- 
fensive fluid or gas should be prevented by 


evacuating foci and treating the part with 
antiseptic lotions. An excellent agent in this 
connection is permanganate of potassium 
in 1-grain-to-the-ounce solution. Infiltration 
abscesses should be followed up to the living 
tissues above, if needed, to thoroughly clear 
them of the infecting elements. Carbolic 
acid should not be used as a disinfectant, 
since it tends to lower the vital resistance of 
the tissues and to promote gangrene. 

In severe wounds of the extremi- 
ties in which gangrene is threatened, 
as evidenced by cyanosis and cold- 
ness of the distal part, the author be- 
lieves that the gangrene results from 
stasis of the blood. In order to pro- 
mote the circulation, he recommends 
one or more small incisions in the 
cyanosed area, application of a cam- 
phor-oil dressing (to prevent drying), 
and placing the extremity in a suc- 
tion apparatus at a negative pressure 
of between 12 to 15 cm. for eight to 
ten minutes. This is done two or 
three times a day for a week. It will 
be noticed that arterial blood exudes 
which increases in quantity day by 
day. The color slowly improves, the 
sensibility of the part returns, and 
the wound heals nicely. In a number 
of cases the writer believes that he 
has saved portions of an extremity 
which would otherwise have been 
lost. H. Noesske (Centralbl. f. Chir., 
Oct. 2, 1909). 

Case which confirms anew the 
great value of stimulating the capil- 
lary circulation by Noesske’s method 
of cutting down to the bone at 
the tip of the finger parallel with 
the nail. Fehsenfeld (Munch, med. 
Woch., Oct. 29, 1912). 

The adoption of radical measures must 
be regulated by the progress of the case and 
the nature of the primary disorder present. 

In a case of diffuse phlegmon of the 
leg with gangrene the writer used 
successfully: 1. Linear applications 
of thermocautery. 2. Subcutaneous 
injections of hydrogen peroxide 1 to 
2 centimeters above infected area. 3. 
Passive hyperemia induced thrice 
daily by rubber bandage above knee. 
4, Daily bathing of part in warm 
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permanganate solution. 5. Wet dress- 
ing of hydrogen peroxide. H. Petit 
(Arch, de med. militairc, No. 12 
1909). 

Extensive and deep shell wounds of 
the forearm were found to contain 
gangrenous, both aerobic and anaer- 
obic, germs. Under continuous moist- 
ening with Dakin’s fluid the dead tis- 
sues melted off, no slough forming. 
The main property of the Dakin fluid 
is this chemical detergent action. A 
5 per cent, solution of sodium chloride 
checks the dissolving action of hypo- 
chlorites. Applied around the wound 
it prevents caustic action. Ficssinger 
and Moiroud (Paris med., Sept. 16, 
1916). 

Arteriovenous anastomosis has been tried 
by Hubbard with improvement as result. 
The foot, originally purple, appeared al- 
most normal, wdth the exception of the 
toes. The measure has not been applied 
with sufficient frequency to render a ver- 
dict as to its value possible. 

Scries of 4 cases of senile gangrene 
in which the writer tried anastomosis 
between the femoral artery and vein. 
No benefit was observed, the lesions 
being too far advanced. Mauclaire 
(Arch. gen. dc chir., Aug. 25, 1913). 

Report of 2 cases, with 1 recovery, 
of removal of emboli from the brachial 
artery. In the first case the operation 
was done over 6 hours and in the second 
Sl/j hours after the evidences of ar- 
rested circulation in the limb were first 
noticed. Local anesthesia was used in 
both instances, and the arteriotomy in- 
cisions closed by the Carrel technic. 
Buerger (Surg., Gynec. and Obstet., 
Apr., 1923). 

It is generally thought advisable not to 
interfere with the reparative efforts of 
nature' when the line of demarcation is 
clearly established. When, however, in the 
case of an extremity, there is no line and 
the morbid process ascends here and there 
or evenly and the patient shows evidences 
of impending constitutional disturbances, the 
question of amputation is in order. In 
arriving at a decision in this connection the 
various reasons for an amputa** m should be 
carefully computed, namely: The nature of 


the causative disorder; the probabilities as 
to spontaneous resolution; the subsequent 
deformity involved, both without and with 
amputation based ut)on the parts (muscles, 
nerves, vessels) already destroyed; and last, 
but not least, the general health of the pa- 
tient. These may all prove useful in case 
of subsequent controversy. Severe injuries 
followed by gangrene warrant amputation if 
the tendency to si)read is evident. When a 
putrescent mass, however, though the line 
of deiiiarealion be ])resent, exposes the pa- 
tient to general toxemia, amputation is also 
warranted as soon as tlie signs of septicemia 
appear. Especially is this true in “traumatic 
gangrene.” 

All surgeons agree that a high amputation 
is to be prferred, and the knee or thigh 
is usually selected because the profunda 
femoris is rarely obstructed by thrombi. 

When amputation is determined upon, 
the anatomical distribution of the vascular 
supply of the part must clearly be borne in 
mind and an effort made to leave in the 
flaps, not only unobstructed vessels, if arterio- 
sclerosis or thrombosis be present, but also 
a sufficient supply to insure proper nutrition. 

We possess no means of establish- 
ing at what level the ves.scls of the 
leg are in a healthy state, i.e., where 
to amputate. In prder to determine 
the state of the vessels, the writer 
recuinnieiuls that the affected leg be 
rendered bloodless by means of an 
Esmarch bandage, and that the band- 
age then he suddenly removed. In a 
healthy leg sudden removal of this 
sort is followed by an active red hy- 
peremia extending to the tip of the 
toes, whereas, if the ve.ssels are dis- 
eased, the hyperemia occurs more 
slowly and usually extends only a.s 
far as that point where the vessels 
are in good condition. The writer 
quotes 3 cases in which amputated legs 
were studied with the result that the 
preoperative diagnosis was absolutely 
confirmed. A. Moszkowicz * (Mitt, 
a. d. Grenz. d. Med. u. Chir., Bd. xvit, 
H. 1 u. 2, 1908). 

Smith recommends the following amputa- 
tion when gangrene of the foot is present, 
and when it is decided to amputate at the 
knee or through the thigh. There being 
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eight arterial branches in this region, if the 
incisions and flaps are suitably planned this 
arterial supply need not be seriously inter- 
fered with. His method of amputation is 
as follows: A straight incision is made 
from two inches above the upper border of 
the patella downward over the center of that 
bone to the tuberosity of the tibia. From 
the lower extremity of this iierpendicular 
incision two curved incisions arc made, 
having their convexity downward, and ex- 
tending, respectively, in the direction of the 
external and internal borders of the limb. 
These two incisions having been united pos- 
teriorly by a straight incision across the 
upper border of the calf, the flaps arc di.s- 
sected up from the tibia and fibula, the 
patella is removed, and the knee-joint is 
disarticulated. 

Ill senile (janc/rene a conservative line of 
treatment is indicated, since meddlesome 
surgery here is liable to be followed by ex- 
tension of the morbid process. Attention 
to the healthy tissues of the entire surface 
is necessary, since a minute abrasion, a slight 
blow, may become a gangrenous area. As 
taught by Jones, when the gangrene affects 
one or two toes and the patient’s condition is 
satisfactory, the surgeon should be content 
with the expectant plan of treatment, taking 
precautions to lessen or prevent the effects 
of local septic infection. When, however, 
the gangrene has reached the metatarsus, he 
should be prepared to perform the high 
Operation, i.c., amputation above the knee. 

"I'he local treatment in limited forms 
of gangrene should consist in thorough 
clean.sing of the foot and leg, free dusting 
of the immediate vicinity of the dead part 
with iodoform, and the application over 
this powder of sublimate or salicylic wool. 
The use of artificial heat in the form of 
poultices and fomentations is positively 
mischievous. Pain may be relieved by the 
internal administration of opium and the 
local application of a powder composed of 
boric acid, bismuth subnitrate, and mor- 
phine hydrochloride. 

The writer observed 20 cases of 
senile gangrene all subjected to opera- 
tion. In 19 cases an amputation was 
done above the knee on the affected 
side; in 1 case an amputation wa.s done 
below the knee. The oldest patient op- 
erated on was 83 years of age; the 


youngest, 56. Eighteen patients were 
men and 2 were women. Eighteen 
patients recovered; 2 died. Of 11 pa- 
tients with capillary thrombosis, 10 re- 
covered; of 4 patients with primary 
obstruction of a large artery, 3 recov- 
ered; of 3 wdth diabetes complicated 
by gangrene, 3 recovered; of 2 with 
gangrene associated with inflamma- 
torj^ and toxic conditions, 2 recovered. 
Noon (Pract., Dec., 1925). 

In the treatment of diabetic gangrene no 
special features are indicated. Heidenhain, 
who has given the subject special attention, 
states that, as in senile gangrene, as long as 
the gangrene is confined to one or two toes 
the line of demarcation should be awaited 
and the dead tissues allowed to separate of 
themselves. Removal of the gangrenous i)or- 
tion with forceps and .scissors may lead to 
gangrene of the parts above, although the 
line of demarcation has been fully estab- 
lished. As soon, Innvcver, as the gangrene 
attacks the sole or the dorsum of the foot, 
an amputation of the thigh should be made 
as close above the condyles as possible. 
Amputation below the knee is nearly al- 
W'ays followed by gangrene of the flaps. 

In 11 cases of diabetic gangrene 6 w^ere 
.saved by thigh amputation; 2 of the 3 fatal 
cases had large quantities of sugar in the 
urine (8 per cent, and 5 per cent.), while 
the remaining 2 showed much albumin in 
addition to sugar. Such cases should avoid 
even insignificant injuries, wdiich in them 
may assume serious proportions — precisely 
as in senile gangrene. 

Symmetrical gangrene rarely calls for sur- 
gical interference. The treatment of the 
neurosis and constitutional measure.s are gen- 
erally sufficient. 

CONSTITUTIONAL MEASURES.— 

These should not be neglected. Nutrition 
should receive especial care, and the patient 
should be supplied with nourishing food. 
The low diet which older ideas seemed to 
warrant belongs to the past. Alcoholic 
stimulants should be given, but in small 
quantities at a time — ^just enough to sus- 
tain normal cardiac action. Strychnine is 
a valuable adjuvant, by stimulating vaso- 
motor action. Promiscuous drugging should 
be avoided. Hypodermoclysis, or, better, 
saline solution intravenously, arc, however, 
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rational measures, their purpose being to 
increase the fluidity of the blood. 

GANGRENE DUE TO SYPHILITIC 
ENDARTERITIS. — Lesions in the blood- 
vessels in the secondary period of syphilis 
are, according to Ravogli, the result of a 
hyperplastic inflammatory process, and in 
the tertiary period represent a true gumma- 
tous infiltration. It has been shown that the 
spirochetes circulating free in the blood 
attack the epithelial lining of the vessels, 
causing alterations in them. Several ob- 
servers have found spirochetes in large 
colonies in the vascular tunics. The or- 
ganisms have also been detected in the 
superficial network of inflamed capillaries. 
In the arteries the adventitia is scarcely 
distinguishable from the other tunics, the 
media appears smaller and compressed, 
while the intima is thickened and inter- 
woven with hyperplastic young cellular 
elements concentrically disposed. The 
lumen of the artery is diminished and al- 
tered in shape; often it is occluded by a 
thrombus. According to the vessels in- 
volved three forms of gangrene may be 
produced: 1. En masse, when the principal 
artery of a limb is occluded, oftenest due 
to endarteritis in the late stage of syphilis. 
2. Superficial, the result of an acute endo- 
angeitis, in the small arteries supplying an 
area of skin. 3. In the center of deep 
syphilitic lesions, due to pressure of the 
infiltrating elements on the blood-vessels 
and tissues. 

Three cases of syphilitic gangrene. 
In the first, gangrene began in the 
toes and spread upward to the whole 
foot, malleoli, and knee. On ampu- 
tating at the thigh, the femoral artery 
was found rigid and occluded by a 
thrombus. The gangrene continued 
and death occurred from sepsis. The 
second case presented a superficial 
gangrenous condition of the external 
region of the whole left thigh, ex- 
tending to the upper third of the leg. 
Sloughing took place after a few days 
of local treatment (continuous baths 
of 1:10,000 bichloride of mercury), 
and the area gradually healed. In 
the third case, a gumma of the lower 
lip developed into an extensive gan- 
grenous mass, further p* ogress of 
which was arrested by deep injec- 


tions of 1 per cent, bichloride of mer- 
cury solution, large doses of potas- 
sium iodide, and locally a moist dress- 
ing of 1: 5000 bichloride. The surface 
healed, leaving a bad scar, which was 
corrected by a plastic operation. 
Heroic antisyphilitic treatment is 
necessary in these cases, the gan- 
grenous process having been checked 
thereby in several instances. Espe- 
cially when the syphilitic process has 
acted on the small vessels can limita- 
tion of the gangrene be obtained. In 
all the cases tonic treatment, partic- 
ularly quinine in large doses, was 
found of great value in subduing sep- 
tic conditions. A. Ravogli (I-ancet- 
Clinic, Feb. 12, 1910). 

The writer gave neoarsphenamin 
intravenously in 12 cases of genital 
gangrene. The effect on the tempera- 
ture and the course of the process was 
so prompt and .so constant that this 
treatment should he given at once in 
every case, regardless of the tempera- 
ture or general symptoms. Jcrsild 
(Ugeskrift f. Laegcr, Oct. 8, 1925). 

GAS GANGRENE. — This form of 

gangrene was exceedingly prevalent dur- 
ing the war. The symptoms, according to 
Fauntleroy (Annals of Surg., Jan., 191()), 
are as follows: After 2 to 5 days there is 
swelling, with gas in the tissues and in- 
duration of the skin; a brownish discolor- 
ation is noted, and a fetid odor is charac- 
teristic of the. scrosanguinous discharge 
from the wound. More or less suddenly, 
vesicles appear, varying in size from a pea 
to several inches. The pulse distal to the 
wound becomes weaker and in the last 
stage is absent. The fluid in the vesicles 
rarely contains the organism. Injuries 
predisposing to gas infection are usually 
associated with shock and sapremia, and 
in 10 to 30 hours the specific invasion 
causes a rise of temperature of 1 or 2'’, 
rise in pulse-rate, headache, malaise, 
anorexia, and thirst. The second stage is 
marked by progressive gas formation, cir- 
culatory disturbances, and increased viru- 
lence. The pulse-rate increases out of pro- 
portion to the temperature, which may 
reach 104** or 105** F. (40** or 40.6** C.). 
The discharge increases, the part swells, 
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crackling is' marked, there is mottling of 
the skin, and the patient passes into a fit- 
ful coma heralding the final stage, sep- 
ticemia. There is then a falling tempera- 
ture curve and rising pulse-rate. 

As to the incidence of this wound com- 
plication, G. Gross (Bull de I’Acad. de 
nied., Paris, Ixxvi, 586, 1916) stated that 
out of the 2796 severely wounded men re- 
ceived in his ambulance during the battle 
of Verdun, there were 101 cases of diffuse, 
massive, gas gangrene, 92 due to shell 
wounds. Leg injuries were those oftenest 
complicated by gangrenous septicemia. 
Vascular lesions play an important role. 
The results were 44 recoveries and 57 
deaths, after either amputation, disarticu- 
lation, or a wide opening up, with ether 
treatment. Among those operated within 
12 hours the mortality was only 4.8 per 
cent.; in those after 36 hours, 26.88 per 
cent. 

Diagnosis. — Gas infections of war in- 
juries were divided by Lapeyre (Presse 
nied., p. 431, 1916) into (1) Gaseous septi- 
cemia, appearing very early, with local and 
general disturbances, and a rapidly fatal 
course. There is no true clinical gangrene, 
and death usually occurs in 30 to 50 hours. 
(2) Gaseous gangrene, less grave, yields 
to surgical treatment. It seldom appears 
before the third day. The signs are 
edema, fetid gas, and sphacelated areas 
about the wound or in the whole limb seg- 
ment. This form may be gaseous, edema- 
tous, or gangrenous according to the pre- 
dominating symptom. 

Crepitations can be detected by aus- 
cultation with a stethoscope of the 
portion of the limb infected with 
gaseous cellulitis. While this sign is 
present in a well-established case 
with “dummy muscles,’' its impor- 
tance lies in the fact that it is pres- 
ent in a number of cases before the 
muscle becomes resonant to pe^rcus- 
sion. The sign is produced by plac- 
ing the stethoscope on the swollen 
part and then alternately increasing 
and decreasing the amount of pres- 
sure applied to the chest-piece; this 
produces the necessary movement of 
the underlying muscle. B. C. May- 
bury (Jour. Royal Army Med. Corps, 
Jan., 1918). 


H. Black (Brit. Med. Jour., Jan. 6, 
1917) found the X-rays of diagnostic ad- 
vantage in the less malignant forms of gas 
infection. The gas shows as areas of les- 
sened density varying in size from 1.5 to 
3 cm. H. M. Berry (Proc. Roy. Soc. Med., 
X, Sect. Electro-Therap., 17, 1916) noted 
that in all cases of diffuse gas infil- 
tration shown by the X-rays crepitation 
of the tissues could be felt. Where only 
a few discrete gas bubbles were shown, 
nothing abnormal was palpable. 

Etiology. — In 460 cases of gas infection 
studied by M. H. F. Ivens (Med. Press and 
Cir., Jan. 13, 1917), of which 107 were clin- 
ically gas gangrene, the leading etiological 
factors were as follows: Proximity to 
contaminated soil; wounds of the lower 
limb showed a mortality 3 times as great 
as those of the upper, though the latter 
were more frequent; shell wounds were 6 
times as frequent in gas gangrene as in 
ordinary infected wounds; the presence of 
an infected fragment of great-coat kept up 
the infection. Early wound treatment is 
most important in the prophylaxis. Sixty 
per cent, of gas infected cases had frac- 
tures, and 71 per cent, of gas gangrene 
cases. Deep wounds of the calf, trunk, or 
hip-joint were especially dangerous. Tis- 
sue injury had an important influence, and 
intramuscular tension from within or with- 
out was a potent aid to the production of 
gangrene. The flora of gas gangrene was 
found usually multiple in 464 cases. B. 
per frin gens was present in nearly every 
case; B. sporogenes in 41; vibrion septique 
in 6 (several fatal); B. histolyficus, B. Hib- 
Icr IX, and B. edematiens were all re- 
ported, less frequently. Streptococci of a 
virulent type were present in 59 cases, and 
added to the gravity of the infection. 
Tetanus occurred in 15 cases. Of the 464 
cases 42 were fatal, 25 dying from gas 
gangrene, 4 from tetanus. M. Weinberg 
(Glasgow Med. Jour., Apr., 1916) pointed 
out that most of the organisms related to 
gas gangrene belong to the intestinal 
flora. 

The writer observed gas gangrene 
after injections of caffeine and digi- 
toxin in an athletic man with purulent 
peritonitis. Gas bacilli were found in 
the solutions. It is remarkable that 6 
other patients who had been given in- 
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jections of the same fluid, but were in 
a better general condition, remained 
healthy. Heuss (Med. Klinik., Mar. 
27. 1925). 

According to W. d’Este Emery (Lancet, 
May 6, 1916), B. per fr in gens is a frequent 
contaminating organism in wounds, but in 
most cases it fails to produce gas gan- 
grene, and seems n on-pathogenic, prob- 
ably l)ecause it is readily destroyed by nor- 
mal blood, and is strongly chemotactic 
toward leucocytes, which promptly des- 
troy it. The special conditions leading to 
its rapid development arc those resulting 
in tissue destruction and interference with 
local circulation. J. 1‘. Simonds (Jour. Ex- 
per. Med., June, 1917) found spores of the 
B. wcichii group of bacteria in all uni- 
forms of Belgian soldieVs and in all 
samples of new cloth from which the 
uniforms were made; also in 15 out of 20 
fresh war wounds. But 3 of the wounded 
developed gas- gangrene. Deep lying lac- 
erated muscle tissue seemed the most fre- 
quent seat of gas gangrene. 

The writer isolated the Bacillus mul- 
tifermentans ienalhus from a case of 
gas gangrene of the arm and sub- 
jected it to careful bacteriological 
investigation. The various cultural 
cha'racteristics of the organism are 
given in detail and it is pointed out 
that in some respects it resembles the 
Bacillus vibrion septiguc, from which 
it is, however, distinguished by defi- 
nite differences in the characters of 
its colonies, and in its morphology, 
serology and pathogenicity. It has 
been named with reference to its 
main features — the multiplicity of its 
fermentation reactions and the tena- 
cious, white colonies it produces. It 
does not appear to be pathogenic 
when inoculated alone into animals*, 
but when combined with the Bacillus 
sporo genes, both it and the latter or- 
ganism become pathogenic. In the 
human case from which it was origin- 
ally isolated it was found in combina- 
tion with the Bacillus sporogenes. 
Excision of the gangrenous muscle 
was followed by prompt recovery of 
this patient, J. L. Stoddard (Lancet, 
Jan. 4, 1919). 


Pathology. — From a clinical and histo- 
logical study of 11 cases C Wallace (Brit. 
Med. Jour., Sept. 16, 1910) stated that the 
lesion in its early stages is a longitudinal 
one, running up, and down the injured 
muscles. Direct extension to an intact 
muscle is rare, except when pressure be- 
comes sufficient to interfere with its 
blood-supply. Muscles in rigid compart- 
ments are especially prone to die, if 
w'ounded. The muscles become resonant 
from gas long before they become crepi- 
tant to the finger. Yet crepitation may he 
perceptible early with the stethoscope. ‘ 

A chemical study of the blood and 
urine in gas gangrene with a view to 
ascertaining which factors counter- 
act or favor toxemia of anaerobic 
origin, showed that in heavily in- 
feclcd gangrene cases a marked hypo- 
alkalinity of the blood was always 
found. The hypoalkalinity was pro- 
portionate to the intensity of the in- 
fection; the lower the alkalinity the 
more unfavorable the prognosis. 
Oliguria was regularly noted, and in 
certain cases terminating fatally, an- 
uria. The urine showed sliglit hyper- 
acidity. Marquis, Clognc and Didier 
(Presse med., Dec. 5, 1918). 

Treatment. — Fraser and Bates (Brit. 
Med. Jour., Aug. 5, 1916) treated 7 cases 
of gas gangrene by intravenous injections 
of hypochlorous acid. Four recovered. Of 
the remaining 3 but 1 could be regarded 
as an inexplicable failure. The solution 
employed was lusol, containing 0.5 per 
cent, of hypochlorous acid, to which was 
added 8.5 grains (0.55 Gm.) of sodium 
chloride to the liter (quart). The injection 
is made with a syringe, to the amount of 
40 to 70 c.c. (1% to 2% ounces). 

The hope of benefit from oxygen has 
had to be abandoned, according to Tan- 
sini (Policlinico, May 6, 1917), but good 
results have been obtained in many gas 
cases l)y prompt excision into sound and 
bleeding tissue. One should refrain from 
severing an entire muscle or group of 
muscles, but they can be slit over long dis- 
tances with little harm. According to C. 
Wallace (Brit. Med. Jour., Sept 16, 1916), 
the circulation should be preserved when 
possible, and helped in every way. Ten- 
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sion from effusion or pas should be re- 
lieved by free incision. Incision, or abla- 
tion, of the wounded muscle is often suffi- 
cient to arrest the disease. G. Campora 
(Gaz. degli osped. e delle din., May 28, 
1916) advised destruction of the primary 
focus, free incision, disinfection with hy- 
drogen peroxide, potassium permanganate 
or iodoform and ether, followed by pur- 
suit of the infection along its paths of dif- 
fusion, and free incisions, combined with 
irrigations of peroxide, and drainage with 
gauze moistened with it. 

In 100 severely infected cases of gas 
gangrene which had been treated 
with Dakin's solution for 10 days or 
longer without any appreciable signs 
of improvement, the writer used qui- 
nine sulphate, 1 Gm. (15 grains); hy- 
drochloric acid, 0.5 c.c. (8 minims); 
glacial acetic acid (99 per cent.), 5 
c.c. (80 minims); sodium chloride, 
17.5 Gm. (4% drams); solution of 
formaldehyde, 1 c.c. (16 minims); 
thymol, 0.25 Gm. (4 grains); alcohol 
(90 per cent.), 15 c.c. (3^ ounce), and 
water, to make 1 liter (quart). The 
preparation was compounded as fol- 
lows: (1) Dis.solving the quinine in 
the hydrochloric and acetic acids; 
(2) dissolving the sodium chloride in 
the water, and (3) dissolving the thy- 
mol in the alcohol. No, 1 was added 
to No. 2, then the formaldehyde, and 
finally the thymol solution. Pilcher 
(Ann, of Surg., Jan., 1925). 

Weinberg and Seguin (Presse med., 
Feb. 22, 1917), who discovered the Bacil- 
lus edematiens in 1915 in certain toxic 
forms of gas gangrene and in one-third of 
the cases of gas gangrene terminating 
fatally, found it in wounded subjects from 
all points on the military front. Next to 
the tetanus bacillus, it is the most vio- 
lently toxic organism in wounds. They 
have prepared an anti-edematiens horse 
serum with antitoxic and prophylactic 
properties approaching those of diphtheria 
antitoxin. While its prophylactic is much 
more pronounced than its curative power, 
it was used with success among wounded 
men in a few cases. 

Having observed the curative value 
of the antiperfringens serum prepared 


by Weinberg and Seguin at the Pas- 
teur Institute, the writer tested its 
preventive use. From March 21 to 
September 6, 1918, 3660 recently 

wounded received their first operative 
treatment in the hospitals under the 
writer’s care. He employed in 3 
series of cases: (a) the mixed serums 
antiperfringens, antivibrion septique, 
anti-edematiens, prepared by Wein- 
berg and Sequin; (h) the polyvalent 
serum of Leclainche and Vallee; (c) 
a combination of the two. 

Antigangrenous serums were given 
preventively in 433 cases, all of a 
severe type, including nearly 300 frac- 
tures, many cases already presenting 
one or other of the clinical signs of 
gas gangrene, such as crepitation, dis- 
coloration of muscle, bronzing of skin, 
edema, and bad odor. A large num- 
ber were cases of wounds of the lower 
limbs. Nearly all patients were re- 
ceived within the first 24 hours after 
being wounded. By giving serum 
subcutaneously in dilution the writer 
believes he averted the anaphylactic 
phenomena which have been observed 
in cases in which this method of pro- 
cedure has not been followed. When 
the mixed serum was given at or be- 
fore the first operation (222 cases), 
no patient died from gas gangrene, 
although there were 19 deaths out of 
the number from the effects of shock,, 
from multii)le fractures, hemorrhage, 
meningitis, or streptococcal septi- 
cemia. In 14 of these cases the serum 
was administered at the same time 
that amputation was performed for 
massive gas gangrene. Of these 14 
patients, 12 recovered. The 2 fatali- 
ties occurred at the end of a fort- 
night from streptococcal septicemia, 
all signs of gas gangrene having dis- 
appeared for more than a week. In 
a very large number of cases the ad- 
ministration of mixed serums per- 
mitted conservative treatment to be 
adopted instead of the amputation 
which would otherwise have been in- 
evitable. F. Ivens (Brit Med. Jour., 
Oct 19. 1918). 

The improved methods of rapid 
evacuation of the wounded and early 
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surgical intervention have brought 
the cases of gas gangrene clown to 
0.29 per cent, of the wounded at the 
advanced posts; 0.19 per cent, in the 
intermediate zone, and 0.30 per cent, 
in the interior. Gas gangrene de- 
veloped in tlie hospitals of the in- 
terior only in 0.068 per cent, of the 
men who had been operated on be- 
fore. Aside from the wounded lying 
too long on the field untended and 
those with shock too severe to per- 
mit operation, it seems that gas gan- 
grene can .he avoided, even without 
specific serotherapy. Among the im- 
provements realized is the recogni- 
tion that crushing of muscle tissues 
invites gas gangrene, as also ligation 
of too many arteries. Surgeons now 
do not shrink from long incisions and 
extensive resection of lacerated tis- 
sues in such cases. Antigangrene 
serotherapy has givc-n encouraging 
results. Sieur and Mercier (Bull, de 
I’Acad. de med., Oct. 29, 1918). 

d'hc writer used a serum against the 
pertringens and edematiens organisms 
and the septic vibrio. The mixed 
serum was found to be well Ix^rne. 
Prophylactic administration of the 
mixed serum is advised in all severe 
wounds of the extremities, with or 
without fracture, especially in the 
presence of injuries to large vessels. 
The mixed serums being w^ell toler- 
ated, It might even prove advisable to 
administer 20-c.c. (5-drain) doses 
of each of the seninis separately. 
Where a rapid influx of wounded or 
the poor general condition of the in- 
dividual himself prevents prompt sur- 
gical treatment, the prophylactic 
serum injections should be repeated 
for several days. E. Vaucher (Presse 
med., Jan. 3, 1918). 

The use of serotherapy in 191 cases 
of gas gangrene gave recovery m 
86.91 per cent. In 113 instances the 
gas gangrene was well under way 
when serotherapy was begun, but 
83.08 per cent, recovered under it. 
Serotherapy thus has proved useful in 
both prophylaxis and treatment. Sac- 
quepee and De Lavergne Presse 
nied., Feb. 20, 1919). 


Out of 191 cases of gas gangrene 
treated with serum against the B. hcl- 
loftetisis, B. pcrfriu</cfis^, and vibrio 
scf>ticus, the writer obtained 166 rc- 
coverie.s, the mortality being thus 13 
per cent, as compared with 75 per 
cent, in untreated cases. Prophylactic 
.serum treatment in cases in which 
the di.sease is apt to develop is also of 
great value, but 1 i>er cent, of those 
treated developing the di.sease, as against 
7 per cent, among the unprotected. 
Sacqutq^cc (Lancet, exeix, 605, 192()), 
The writer treated successfully a 
case of gas gangrene of the thigh fol- 
lowing an accident by the injection of 
three large doses, 100 c.c., on consecu- 
tive days, of a serum representing a 
mixture of Welch’s perfringens form 
of the gas bacillus with tetanus. C. 
Goodman (Ann. of Siirg., June, 1924). 

Albrecht (Berl. klin. Woch., July 27, 
1916) slated that some ca.ses resist even 
the most radical treatment, showing yel- 
low pallid tint, anguished facies, pale 
cyanosis of the lipi, profound agitation, 
and terrible pain, death following rapidly, 
due to direct action of the toxin on the 
heart. He examined the adrenals in many 
cases, and found them profoundly altered; 
especially w'as there diminution and dis- 
ap[)carance of the li])oid substance. In the 
surgically treated cases subcutaneous in- 
jections of y 2 to 1 mg. (Vi:i 0 to grain) of 
adrenalin should he given before or imme- 
diately after operation, and repeated on 
successive days, lie believed he had saved 
some lives by this procedure. 

Following the views of Oppel, R. Lerichc 
(C. r. de la Sue. dc chirurg. de Lyon, Dec. 
10, 1925) performed unilateral adrenalectomy 
in a case of gangrene of the large toe in 
man of 34 years, due to hyperadrenia, after 
orthodox measures had failed. The pain 
was arrested, the ulceration ceased and 
cicatrization followed. Diez (Prensa Med., 
Buenos Aires, Sept. 20, 1925) also obtained 
excellent results by means of sympathectomy 
in 26 cases of gangrenous trophic lesions 
of the extremities, such as habitual acro- 
cyanosis, causalgia, mal perforant, etc. No 
benefit was obtained, howxvcr, in 5 cases 
of gangrene due to obliterating thrombo- 
angiitis of syphilitic origin, nor in 1 of acro- 
cyanosis due to arteriosclerosis. S. 
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